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Executive Summary
The Pilot Watershed Study contains five jobs: 101.1 Effects of Best Management
Practices (BMPs) on physical/chemical indicators of stream quality, 101.2 Effects of
BMPs on fish community structure, fish abundance, and population size structure, 101.3
Effects of BMPs on fish growth rates, 101.4 Effects of BMPs on benthic
macroinvertebrate community structure and crayfish abundance, and 101.5 Analysis and
reporting.
These jobs were completed for each sampling site. Four basins were selected for
this study: the Embarras, Spoon, Cache, and the Kaskaskia (Figure 1, Table 1). In each of
the four basins in this study, we monitored four sites: two in the pilot watershed (treated
with BMPs) and two in the reference watershed (control stream with minimum BMPs).
In the pilot watershed, one site is located downstream to assess watershed-scale effects of
BMP implementation at a larger drainage area and a second site is sampled upstream in
the watershed. In the reference watershed, two sites were sampled at positions similar to
those in the pilot watershed. The sampled reach was 20 times the mean bankfull width
(Wbf) at the site. All basins were sampled from 1998 to 2002 except the Kaskaskia basin
in which downstream sites were first sampled in 1999. This delay was attributed to
difficulties with locating a suitable reference watershed in 1998 and low water levels at
upstream sites in 1999.
In Job 101.1, physical and chemical habitat data were collected from the pilot
(treated) and reference (control) streams. Habitat consisted of site-scale and transect -
scale variables. Site-scale parameters were habitat characteristics that change very little
over the reach of stream (e.g. temperature, discharge, etc.) and, thus, were collected at
one location in the site. Transect-scale variables were those attributes expected to vary
considerably within a site (e.g. substrate, channel width, etc.) and were measured along
10 transects within the site. Data analysis of pre-BMP site-scale and transect-scale
habitat characteristics is ongoing and baseline data from 1998-2002 are presented in this
report for three of the basins. Implementation of BMPs in the Spoon basin began in fall
1999 and spring 2000, thus, data from the implementation phase are presented for this
basin. We also began monitoring individual BMPs in the Court Creek watershed and data
on a Newbury weir site is presented in this report. For instream habitat parameters,
average width and depth were the most variable parameters between years within each
basin, while velocity and substrate remained relatively stable. Bank and riparian habitat
were found to be similar between pilot and reference watersheds and relatively similar
across years. At the Newbury weir site in Court Creek, we found that maximum substrate
significantly changed after weir installation and that percent habitat composition
fluctuated by season than by sample period (i.e. pre-weir vs. post-weir).
In Jobs 101.2 and 101.3, fish were collected in late summer or early autumn of
1998-2002 with an AC electric seine. All fish were measured (total length) and weighed
except when numbers of a species were high, then, the first 100 were measured and the
remaining fish were counted. Fish greater than 100 mm in total length were measured in
the field, while smaller fish were preserved in formalin, identified and measured in the
laboratory. Structures for aging were taken from all fish caught in 1998 and from
selected species in 1999-2002. Due to budget constraints, fish from only two of the four
basins were processed for this report. However, the remaining fish samples will be
processed and analyzed in the next segment of the study. In general, fish community
structure in pilot and reference streams was similar and consistent across years with a few
exceptions in certain basins and years. In 2002, number of species collected in pilots
were comparable to their respective reference sites in the Spoon basin, but the pilot sites
in the Kaskaskia had much fewer species than the reference sites. Across years,
similarity indices showed fish composition was also comparable between pilot and
corresponding reference streams with most sites having relatively high similarity in fish
assemblage structure. Catch per unit effort was more variable between pilot and
references sites than richness and was more variable from year to year. To examine the
quality of the aquatic resource before BMPs, we computed Index of Biotic Integrity (IBI)
scores using the new scoring criteria (see previous reports for old IBI scores). In general,
most sites and years showed moderate to good stream quality with seven of sixteen sites
showing low variability in IBI scores across years.
To determine affects of BMPs on all aspects of stream fish assemblages, we also
examined age structure of selected fish species. Determination of fish growth rates is
ongoing and growth data from bluegill, green sunfish, and longear sunfish from 1998-
2001 indicated that growth of these species was similar between paired pilot and
reference watersheds across years. High similarity in growth rates between watershed
pairs will provide a strong base in which to measure changes in growth after BMPs.
In Job 101.4, benthic macroinvertebrates samples were collected in autumn of
1998 and spring, summer, and autumn of 1999-2002 to evaluate pre-BMP community
structure and abundance in pilot and reference streams. A stratified random sampling
design was used where riffle, run, and glide/pool habitats were sampled in proportion to
their occurrence at the sites. A core sampler was used to collect macroinvertebrates from
glide/pool areas with soft sediments while a Hess sampler was used in riffle or run
habitats with hard substrates (i.e. larger gravel and cobble). In the laboratory, samples
were elutriated through various sizes of sieves to separate the sediment from the
organisms. When possible, most macroinvertebrates were identified to the family
taxonomic level with the more sensitive families (Ephemeroptera, Plecoptera,
Trichoptera; EPT taxa) being identified to genus. Identification of samples from 2000 and
2001 is ongoing, but baseline data for all sites in 1998 and most sites in 1999 as well as
glide habitats from the lower Spoon and Cache Basins in 2001 are presented in this
report. All sites were dominated by chironomids and oligochaetes with the more sensitive
EPT taxa located in riffle areas. Taxa richness was similar between pilot and
corresponding reference sites within a season and between seasons within each site.
Catch per area (CPA) was computed to examine baseline differences in relative
abundance of all taxa at a site/date and was found to be relatively similar between most
pilot and corresponding reference sites for most sampling dates, although CPA tended to
be more variable than taxa richness. To assess stream quality, Hilsenhoff's Family Biotic
Index (FBI) for each site, date, and habitat type (Hilsenhoff 1987, Hilsenhoff 1988) and
percentage of individuals in Ephemeroptera, Plecoptera, and Trichoptera (%EPT)
families were calculated. FBI scores were high and %EPT taxa was low at most sites
indicating poor to very poor stream quality. Based on similarity in macroinvertebrate
community composition between paired pilot and reference sites and low annual
variability as well as poor stream quality at most sites based on FBI scores, the ability to
detect a change in macroinvertebrate communities after implementation of BMPs should
be high.
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Job 101.1 Effects of BMPs on physical/chemical indicators of stream quality.
OBJECTIVE
To determine local and watershed-wide responses of physical/chemical factors to the
implementation of watershed management practices.
INTRODUCTION
Despite the success of the Clean Water Act in reducing the impacts of point
source pollution on freshwater ecosystems, many lotic systems in the United States
remain in a degraded condition, largely as a result of non-point sources of pollution
(USEPA 1990). Sources of non-point pollution include runoff from agricultural fields,
logging activities, and urban areas. In predominately agricultural systems, the most
significant types of pollution include excessive inputs of sediment, nutrients (from
fertilizers, livestock, etc.), and pesticides. Nonpoint source pollution from agricultural
practices is regarded as the dominant form of pollution currently impacting rivers and
lakes in the country (USEPA 1995). As a result of heavy agricultural land use in Illinois,
non-point source pollution is a major problem for Illinois watersheds.
In agricultural landscapes, on-field and off-field techniques, termed best
management practices (BMPs), for reducing non-point source pollution are well known
(see Gale et al. 1993). In-stream practices for stabilizing stream banks and increasing
habitat diversity in order to improve water quality and enhance fish and
macroinvertebrate production have received considerable study (Edwards et al. 1984),
especially in coldwater streams (NRC 1992, Hunt 1993). However, the majority of these
studies on BMPs were conducted at the plot or field scale, over relatively short time
frames (e.g., Edwards et al. 1984, Magette et al. 1989). Very few studies have addressed
the impacts of BMPs at the watershed scale (Muscutt et al. 1993, Tim et al. 1995, Wang
et al. 2002) or on a large temporal scale (Muscutt et al. 1993, Osborne and Kovacic 1993,
Wang et al. 2002). The Illinois Pilot Watershed Study is designed to examine physical
and chemical water quality as well as biotic indicators at the watershed level across a
long temporal scale.
PROCEDURES
Physical/chemical habitat data were collected at all four sites in each of the four
study basins using two levels of sampling: site-scale and transect-scale. Site-scale
parameters (Table 2) were collected at one location in the site (e.g., water temperature,
discharge) or are based on maps of the entire site (e.g., drainage area, stream order) and
are assumed to be representative of the entire site. Some variables are assumed to be
constant over the duration of the study and were measured only once (Table 2).
Transect-scale variables are those which are expected to vary considerably within
a site (Table 3). These variables, which pertain to stream channel morphology, bottom
substrate, cover for fish, macrophyte abundance, condition of stream banks, and riparian
land use/vegetation, were measured on ten, equally spaced transects perpendicular to
flow. A modified Stream Assessment Protocol for Ontario (Stanfield et al. 1998) was
used to sample these habitat variables. Detailed methods for each parameter are given in
Table 3. All transect-scale parameters were measured in autumn of 1998 and late
summer 1999 - 2002 after fish sampling had been conducted. The Kaskaskia basin,
however, was only sampled in 1999 - 2002 due to lack of a suitable reference watershed
in 1998. We will continue to sample transect-scale characteristics in late summer 2003
for two of the four study basins, the Cache and the Spoon basins, due to continued
implementation of BMPs in these watersheds.
Responsibility for site-scale habitat sampling has been divided among the Illinois
Natural History Survey (INHS) and the Illinois State Water Survey (ISWS). INHS is
responsible for measuring site scale parameters 1- 4 with ISWS responsible for
measuring and analyzing site-scale parameters 5-9 (Table 2). INHS measured drainage
area, stream order, and identified invertebrate and fish sampling sites in 1998. To
measure water quality, gaging stations were installed by ISWS in 1999 to measure these
habitat variables at the watershed scale with the exception of lower Kickapoo. Beginning
in summer 2001, point samples of these water quality variables were collected to coincide
with macroinvertebrate and fish sampling at lower Kickapoo. Because not all gages took
water temperature and not all fish sampling sites had gages, INHS installed temperature
loggers in spring of 1999 at all sites except in the Kaskaskia basin which were installed in
autumn of 1999.
FINDINGS
Site-scale characteristics
To closely match pilot and reference sampling sites in each basin, location of sites
were selected based on drainage area.. In the Cache and Kaskaskia basins, upstream sites
were located at a drainage area approximately 10 sq. mi., and downstream sites were
placed at approximately 20 sq. mi (Table 1). Upstream and downstream sites in the
remaining two basins (Embarras and Spoon) were located at about 25 sq. mi. and 60 sq.
mi., respectively. For upstream sites, stream order ranged from 3-4 while downstream
sites ranged from 4-5.
In general, average monthly water temperature was similar between pilot and
reference watersheds with highest average temperatures in July for all basins. Due to loss
of a temperature data logger, temperature data are unavailable from Lower Kickapoo in
the earlier part of 2002 (from Jan. - May). In addition to our temperature loggers, the
ISWS also collected temperature at gaging stations. Temperature data reported here were
collected from both temperature loggers and gaging stations. In the upper sites of the
Embarras, average monthly temperatures ranged from 1.5 to 23.2 °C for the pilot site and
2.4 to 24.9 °C for the reference site. Average temperatures in summer months (June -
Aug.) ranged from 21 to 23.2 °C at upper sites and 22 to 27 OC for lower sites in the
Embarras. The Spoon basin, the northern most basin, had the largest range of average
monthly temperatures compared to any other study basin. For upper sites, average
monthly temperatures ranged from 0.3 to 24.4 °C for the pilot site and 0.1 to 25.3 °C for
the reference with average summer temperatures ranging from 19 to 25.3 o for the upper
Spoon. In the lower sites of the Spoon, temperatures ranged from 5.3 to 26.1 °C in the
pilot (Jan. and Feb. 2002 temperature data were not collected for this site due to low
water levels at the gage) and from 0.6 to 25.2 oC in the reference with average summer
temperatures of lower sites ranging from 20.2 to 26.1 oC. Our southern most basin, the
Cache, had smaller ranges in average monthly temperatures for 2002. Winter to spring
temperatures in upper sites ranged from 7.0 to 13.8 °C at the pilot site and 2.8 to 16.8 °C,
suggesting that the upper site in the pilot (Big Creek) was more stable in terms of
temperature changes from winter (Jan - Feb. 2002) to spring (Mar. - May 2002). For
lower sites of the Cache, average monthly temperatures for the year ranged from 4.3 to
25.7 °C in the pilot and 2.5 to 24.1 °C in the reference with mean summer temperatures
for lower sites ranging from 22 to 25. 7 °C. In the Kaskaskia basin, average monthly
temperatures ranged from 4.5 to 27.7 oC at the upper pilot site and 2.7 to 26.1 oC at the
upper reference with mean monthly temperatures in summer ranging from 23 -27 oC.
The lower sites showed slightly lower average monthly temperatures ranging from 2.4 to
24.2 oC in the pilot and 1.9 to 24. 5 °C in the reference for the year with summer
temperatures ranging from 21.3 to 24.5 oC.
Data on other site-scale parameters (e.g. discharge, nutrient and sediment data) are
being collected by the ISWS. Due to dry conditions, ISWS were unable to collect data
for the first 1.5 years of the study. As they collect additional data, we will incorporate
more of their water quality findings with the analysis of our data on fish and
macroinvertebrates.
Transect-scale characteristics
Channel Morphology
At each site, in-stream channel morphology measurements were taken to assess
differences between pilot and reference watersheds, prior to intensive implementation of
BMPs. Evaluation of stream channel morphological characteristics were based upon the
differences between the pilot and its respective reference station. Differences were
calculated by subtracting the reference site from the pilot where a positive difference
indicates the pilot was greater than the reference and a negative difference indicates the
pilot was less than the reference. As part of the BACI design, these differences in habitat
parameters between pilot and reference watersheds were plotted and mean differences
before and after BMP implementation were compared. Thus, low annual variability of a
particular habitat characteristic is important in order to detect a significant change after
BMPs.
In general, average width, depth, velocity, and substrate size was similar between
pilot and reference sites (differences are approximately zero) with the greatest
consistencies in average velocity and substrate size between pilot and reference
watersheds (Figures 2 and 3). Differences in mean width varied particularly in the
Spoon basin for both upper and lower sites due to increased stream width in 1999 at
upper Court (pilot) and in 2002 at lower Court. Between lower sites in the Cache,
differences in width varied due to an increase in stream width at Big Creek (pilot) in 2001
(Figure 2). For the most part, differences in depth between pilot and reference sites were
within +/- 10 cm (approx. 4 inches) with the exception of upper sites in the Cache and
Kaskaskia basins (Figure 2). Some annual fluctuations of differences in depth did occur
in the lower Cache due to high depths in Big Creek (pilot) in 1998 and in the lower
Kaskaskia due to low water levels at Lost Creek (reference) in 2002. However, no large
differences in depth were observed for most of the watershed pairs across years sampled.
Velocity and substrate were the two habitat parameters most similar between
pilots and references as well as most consistent from year to year (Figure 2 and 3). The
only exception is the Embarras which showed a pattern of a low negative difference in
velocity one year followed by a higher negative difference the next (Figure 2). This
pattern could possibly be explained by the waste water treatment facilities located in the
Kickapoo Creek watershed (reference) releasing effluent during summer low flows, thus,
increasing average summer velocities during certain years. For average point and
maximum substrate size, differences in upper Embarras sites vary annually (Figure 3). In
1999 and 2000 we observed an increase in sand deposition which decreased the average
particle size at upper Hurricane (pilot) from bedrock with gravel/cobble in 1998 to mostly
sand and gravel on top of bedrock. Since 2000, many storm events have washed this sand
downstream leaving more exposed bedrock and cobble in 2001 and 2002.
In-stream habitat
Flooding is a common event in these flashy systems and can result in inputs of
upland sediment and shifting streambed substrate. Consequently, channel structure can
often change or shift in these watersheds. To determine the similarity in physical habitat
between pilot (treated) and reference (control) watersheds before implementation as well
as determine the stability of in-stream habitat over time, we examined differences in
percent riffle, run, and pool habitat types between sites and across years. Overall, pilot
and reference sites were similar in percent habitat composition with most sites having
predominately pool habitat (> 75% pool) in 2002 (Figures 4 and 5). The one exception
was lower Kickapoo (reference), which had 52% pool habitat with 20% fast riffle and
13% run habitats (Figure 4). The Kaskaskia and Cache basins were similar from year to
year with over 90% pool habitat at each site (Figure 5). However, the Embarras and
Spoon basins showed some fluctuations in percent habitat types (Figure 4). In the
Embarras in 2002, upper Kickapoo (reference) had less diversity of habitat types with
more percent pool than in previous years see (Figure 14 in Dodd et al. 2001 and Figure 8
in Dodd et al. 2002)possibly due to low water levels. Lower Hurricane shows dramatic
annual shifts in habitat diversity and amount of habitat from 4 habitat types (67% pool,
19% run, 7% slow and 7% fast riffles) in 2000 to only 2 habitat types in 2001 (92% pool
and 8% fast riffle). In the Spoon, upper Haw (reference) and lower Court also shift from
year to year in habitat diversity and/or amount of habitat. For example in 2000 (see
Figure 14 in Dodd et al. 2001), upper Haw had twice as much run habitat (22% run)
compared to 2002 and lower Court contained almost four times as much run habitat and
twice as much fast riffle habitat (37% run and 15 % fast riffle) habitat compared to 2002.
As part of our baseline in-stream survey, we measured the amount of in-stream
cover and vegetation. In 2002, all basins showed little in-stream cover and vegetation
with 11 of 16 sites having 90% of its area without cover for fish. When cover was
present the most common type was unembedded wood (range: 2-12%), embedded wood
(2-24%) or embedded flat rock (5-9%) cover suggesting that most sites have some
amount of silt/sand deposition over the streambed although average substrate may
indicate larger substrates dominate the sites overall (Table 1). Type and amount of cover
present was similar between most pilot and reference sites with the exception of the upper
sites in the Cache where upper Cypress contains more embedded flat rock and wood
cover than previous years allowing for more diverse cover types than upper Big Creek
(pilot). Overall, cover was similar between years within sites indicating no annual
changes in amount of fish cover with the one exception is upper Court Creek in the
Spoon basin were the diversity of cover types was low in 2000 (embedded wood and
round rock) compared to 2001 and 2002 (unembedded flat and round rock and wood,
embedded flat and round rock).
Bank Conditions
In these watersheds bank erosion has been identified as a major concern due to the
loss of riparian habitat and past channelization increasing peak flows. Consequently, it is
anticipated that in-stream and on-field BMPs will be used to reduce erosion by protecting
banks (in-stream practices) and reducing overland flow (on-field practices). Therefore,
we examined pre-BMP bank conditions (bank vegetation, overstory cover, and bank
height) to assess changes in bank stability and shading of the stream as BMPs are
implemented in the pilot watersheds.
Overall, riparian vegetation in 2002 was consistent with previous years. The
riparian area from water's edge to 2m on either side of the stream (0-2m) was usually
dominated by herbaceous vegetation or was bare in all basins (Figures 6-9). Moving out
to 100 m, we found a general progression from herbaceous to mature trees or cultivated
fields. Most sites had a very narrow buffer strip of grasses and/or trees, and agricultural
land use was usually within 100m of the stream. Both the Embarras and the Kaskaskia
basins had predominately bare banks (top panel, Figures 6 and 9) while the Spoon and
Cache basins had predominately herbaceous cover or trees along the banks (top panel,
Figures 7 and 8). From ten meters out from water's edge, sites in the Embarras, Spoon,
and Cache shift to herbaceous cover and trees with some woody vegetation (second panel
Figures 6-8); whereas, sites in the Kaskaskia shift to predominately trees (second panel
Figure 9). At 30m from water's edge, riparian vegetation consists mostly of either
cultivated fields or trees in all sites with the exception of lower Cypress which remains
mostly herbaceous (Figures 6-9).
As another measure of riparian vegetation and shading of the stream we collected
measurements on the amount of overstory cover in our study sites. Bank height
measurements were also collected as a measure of bank stability where a high average
bank stability indicates more stable banks. Overall, differences in bank stability were
highly variable from year to year for all basins particularly in the upper sites; while,
differences in overstory cover was fairly consistent across years for most sites with a few
exceptions of the upper Cache in 1998 and the lower Spoon in 2000 and the upper
Embarras (Figure 10). The upper Embarras sites had the most annual variability in
differences of overstory cover than any other basin and the lower sites showed a
declining trend due to a decline in overstory cover in Hurricane in 2001 and 2002. Bank
stability at lower sites in all basins appeared to be consistent across years. Differences in
bank stability between the upper Cache sites declined from 1998 to 2000, but started to
increase in a negative direction in 2001 and 2002 due to the decline in bank stability at
upper Big Creek from 1998-2002. Although we found that riparian vegetation is
relatively similar across basins and consistent across years within sites (Figures 6-9), we
observed that differences in bank stability fluctuate annually, particularly in upper
portions of the watersheds (Figure 10).
Individual BMPs
In the Spoon basin, implementation of BMPs began in late 1999 and early 2000,
however, there were few if any trends in channel morphology characteristics before
(1998 - 1999) and during (2000 - 2002) implementation at the subwatershed (upper
sites) and watershed scales (lower sites). We also monitored individual practices in this
watershed to detect local and immediate changes in physical habitat as well as the biota
due to BMP implementation. In June 2001, Newbury weirs were installed in an
approximately one mile reach downstream of our upper Court Creek site (site is actually
located on North Creek, a tributary to Court Creek) to reduce bank erosion and head
cutting. We sampled habitat and fish twice before and three times after weir placement to
determine immediate and local impacts of these structures. Based on our habitat
sampling protocols, most channel morphology characteristics did not significantly change
after installation of Newbury weirs (Table 4). Although width and depth did not
significantly differ between pre and post-weir periods, we found average sample area did
differ significantly (p = 0.007) possibly due to the weirs forcing the thalweg into the
center of the channel and increasing the thalweg distance (which is the measure of site
length we use) between our upper and lower habitat transects (Table 4). We also found
average maximum particle size significantly increased (p = 0.05) after weir installation,
due to placement of large rock in the stream to simulate natural riffles. Average point
particle size (i.e. the size of a randomly selected particle at each point along the transect)
was not significantly different (p = 0.23) between time periods, but we do see a trend of
increased average particle size in the post-weir period (Table 4).
Percent habitat composition and in-stream vegetation changed more with season
than between pre- and post-implementation periods (Figures 11 and 12). Across all
sample dates in late summer/early fall, habitat consisted primarily of pools (82-93%) with
smaller amounts of run (5-7%) and slow riffle (5-7 %) habitat (Figure 11). On the two
dates sampled in late spring (1 pre-weir and 1 post-weir date), habitat composition was
more diverse with larger percent run (28-30%), slow riffle (24-33%), and fast riffle (11-
17%) habitat. Conversely, the amount of in-stream vegetation showed an opposite trend
with more diverse types of vegetation in late summer/early fall and less diverse
vegetation communities in late spring (Figure 12). For samples taken in the late
summer/early fall (1 pre-weir and 2 post-weir samples), there was a larger amount of
filamentous algae (12-27%) and terrestrial (10-17%) vegetation than for samples taken in
spring as well as the presence of macrophytes (2%) (Figure 12). These trends in habitat
composition and vegetation are probably due to higher water levels in the spring creating
riffle and run habitat and preventing in-stream vegetation from becoming established;
while, in the late summer, water levels are lower creating more slow flowing pooled areas
and allowing vegetation to establish in the stream.
In post-weir samples, amount of in-stream cover for fish and invertebrates
increased and was more diverse (4- 5 cover types) than pre-weir samples which
consisted only of unembedded wood cover (Figure 13). After the weirs were installed,
amount of unembedded wood decreased, while percent of embedded flat rock (2-8%),
unembedded (5-28%) and embedded round rock (6-12%) increased. We did observe,
however, that percent in-stream cover tended to be more similar between the two late
summer samples within the post-weir period (Figure 13).
Although some trees and woody vegetation were removed during installation of
the weirs (due to the need for large equipment on the banks for rock riffle placement),
riparian vegetation did not differ between pre and post-weir dates nor show a seasonal
trend (Figure 14). As additional BMPs are put into practice and those previously
implemented are allowed to stabilize, we will continue to monitor channel morphology
and in-stream habitat characteristics to determine if significant changes will occur during
the implementation phase and to determine the time required after implementation to
detect these changes. In fall 2002, we began monitoring an additional Newbury weir
site upstream of our upper Court Creek site. Weirs were installed at this upstream site in
late spring 2003 and we will continue to monitor this site to determine if changes
occurring in this location of the stream are similar to those of the downstream weir site.
Relationships in Water Quality and Habitat
To determine how water quality and physical habitat parameters interact in our
pilot and reference watersheds, we performed a correlation analysis using chemical and
physical habitat characteristics. We used characteristics that have been found in previous
studies to be correlated to each other as well as correlated to biotic parameters. Because
some habitat variables were not normally distributed, we transformed the data and
combined data across years (1998-2001) for the correlation analysis (Table 5). To
determine those parameters which were significantly correlated, we used a < 0.05. For
temperature, we found average summer temperature (June, July, August) was positively
correlated to mean depth and negatively correlated to percent pool (Table 5). Average
spring and fall temperature was not correlated to any of chemical/physical habitat
parameters we included in our analysis. For nitrate concentrations, we found average
spring nitrate (March, April, May) was highly correlated to average summer nitrate which
was correlated to average fall nitrate (September, October, November) concentrations
(Table 5). Average spring and summer nitrate was also positively correlated to mean
velocity and percent pool. Spring nitrate was negatively correlated to mean fall dissolved
phosphorus and summer nitrate was negatively correlated to mean depth. There were few
significant correlations for fall nitrate with fall concentrations only positively correlated
to mean velocity (Table 5). Dissolved phosphorus concentrations for each season (spring,
summer, and fall) were highly correlated with each other as well as negatively correlated
with mean maximum particle size and percent pool. For the physical habitat
characteristics we examined, we found percent pool was negatively correlated to mean
depth and positively correlated to mean maximum particle size and mean velocity.
RECOMMENDATIONS
From our baseline data collected in 1998-2002, differences in channel
morphology between pilot and reference streams was most variable for average width and
depth, but was similar between pilot and reference watersheds for substrate and velocity
(with the exception of the Embarras). Although width and depth varied from year to
year, channel structure was generally similar within basins. As in previous years, in-
stream cover and vegetation was low in all basins, and latitudinal trends in bank
vegetation were comparable between sites and across basins from year to year. In
general, our baseline data indicate that the majority of in-stream habitat characteristics
and bank vegetation conditions were similar between pilot and reference watersheds
indicating that these stream pairs are well matched for detecting changes in habitat
conditions after implementation of BMPs. In 2001 after the implementation of Newbury
weirs downstream of our upper Court Creek site, we did find significantly larger
maximum substrate sizes as well as a trend of increased point particle sizes and increased
diversity of instream cover. Other channel morphology characteristics (i.e. width and
depth) did not significantly change after weir implementation while other habitat
characteristics (i.e. velocity and habitat composition) changed with season rather than due
to weir installation. This reach-scale study along with other studies of individual BMPs in
this watershed will give us a better indication as to which channel morphology and
habitat characteristics we should target for monitoring in other pilot watersheds and in
future stream remediation studies.
The best assessment of annual variation in habitat between pilot and reference
watersheds will be obtained with additional collection of pre-BMP habitat data.
Additional baseline data will provide a better assessment of annual variability in these
systems allowing us to better assess the potential to detect changes after BMPs. It will
also give us data for testing relationships between abiotic and biotic parameters to
determine how changes in one parameter (i.e. percent pool) might affect another (i.e. fish
abundance). Although additional baseline data would be useful to our study, due to
budget constraints, we will be focusing our habitat data collection in 2003 on the Cache
and Spoon basins which are now in the implementation phase. In the next segment of
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the study, we will continue to compare our estimates of detectable change in habitat
characteristics (from our power analysis) to those in the literature to determine if our
ability to detect changes in habitat are within a reasonable range of change that we may
expect due to BMP implementation.
Gaging stations were installed in or near both upstream and downstream sites in
the pilots and in or near the downstream site in the reference watersheds. Two exceptions
are the Kaskaskia basin where the pilot has only one gaging station and the Embarras
where the reference gage is located at the upstream site. Data from gaging stations will
be analyzed by ISWS to assess changes in chemical parameters following
implementation of BMPs and INHS will incorporate the chemical parameters with biotic
variables to help define mechanisms of impacts these BMPs have on the biota. We have
begun a preliminary analysis to test relationships between abiotic and biotic parameters
through correlation analyses and are currently discussing further analysis and data issues
with ISWS and IDNR staff. From our correlation analysis, we found several significant
correlations between summer water quality (temperature, nitrate, phosphorus) and
physical habitat (mean depth, velocity, etc.). Physical habitat was collected in late
summer; thus, we may have seen stronger correlations in spring and fall if physical
habitat was also collected during these seasons. Based on our analysis, there were few
correlations between the physical habitat parameters. We expected to see significant
correlations between mean depth, velocity, and maximum particle size; however, we
found that only percent pool correlated with these parameters. The correlation analyses
presented in this report are preliminary. As we continue our discussions with ISWS and
IDNR staff on additional analyses, we will expand our analysis to include other
physical/chemical parameters as well as 2002 data.
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Job 101.2 Effects of BMPs on fish assemblage structure, fish abundance, and
population size structure.
OBJECTIVE
To determine the watershed-wide responses of the stream fish assemblage and fish
populations of select species to the implementation of watershed management practices.
INTRODUCTION
Most studies on the effects of BMPs have been implemented on small spatial (e.g.
reach-scale) and temporal scales (e.g., Magette et al. 1989). In the few studies that were
performed at larger spatial (e.g., watershed) and temporal scales, the emphasis has been
on effects of BMP implementation on physical parameters (e.g., nutrient concentration,
sediment yield) (see Trimble and Lund 1982, Gale et al. 1993, Walker and Graczyk 1993,
Park et al. 1994, Cook et al. 1996, Edwards et al. 1996, Meals 1996, Bolda and Meyers
1997). Responses of the biota to watershed-wide implementation of BMPs have been
considered only in more recent studies and much less frequently than physical parameters
(Fitzpatrick et al. 2001; Stewart et al. 2001; and Wang et al. 2002). A number of
observational, correlative studies suggest that fish and invertebrates should respond
strongly to changes in land use practices within watersheds through changes in nutrient
and sediment loading, hydrology, and in-stream shading and cover (Lenat and Crawford
1994, Rabeni and Smale 1995, Richards et al. 1996, Roth et al. 1996, Allan et al. 1997,
Barton and Farmer 1997, Wang et al. 1997).
Currently, there is a lack of understanding on how ecological processes operating
at large spatial and temporal scales affect stream fish populations (Schlosser 1995; Roni
et al. 2002). Most studies of stream fish have been conducted at relatively small spatial
scales (Edwards et al. 1984; Lee et al. 2001), but it is clear that processes operating at
large scales (e.g., land use in a catchment) can strongly affect the integrity of stream fish
communities (Roth et al. 1996; Fitzpatrick 2001; Stewart et al. 2001). Although there has
been an increase in the number of watershed-scale studies in recent years, these studies
primarily focus on percent landuse in a watershed and its effects on fish (Fitzpatrick et al.
2001; Stewart et al. 2001). With the exception of the Wisconsin Priority Watershed
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Program (Wang et al. 2002) and our study, most studies that focus on BMPs other than
effects of landuse (eg. rock riffles, bank stabilization) fail to monitor changes at the
watershed scale both before and after implementation (Edwards et al. 1984; Roni et al.
2002). Implementation of BMPs in watersheds should minimize the impacts of nonpoint
source pollution on surface waters. Accomplishing this will require a much greater
understanding of the large-scale effects of BMPs on biotic as well as the more
traditionally used physical attributes of aquatic systems.
PROCEDURES
At each site, fish were collected with a single pass using a standard AC electric
seine (Bayley et al. 1989; Bayley and Dowling 1990). The length of each site was
approximately 20 times the mean bank full width (Lyons 1992, Gough 1997). Block nets
were placed at locations upstream and downstream of the site to increase the
effectiveness of the sampling. A single pass was used instead of a triple pass depletion
method due to the extensive time and labor required for the latter method. Simonson and
Lyons (1995) found that CPUE provided the same values for species richness and percent
species composition as depletion sampling and took only one quarter the time required
for depletion sampling. Fish samples were collected in late summer (August) or early fall
(September) from 1998 - 2001. Captured fish were identified to species, counted, and
lengths and weights were recorded. When the number of fish caught of a particular
species was high, the first 100 fish were measured and the remaining fish were counted.
For selected species, age structures (e.g. scales, fin rays, etc.) for age and growth analysis
were collected (see Job 101.3). Fish larger than 100mm were processed and released
whereas smaller fish were fixed in 10% formalin and preserved in 70% ethanol in the
laboratory for processing.
For assessment of fish assemblage structure and differences in structure between
pilot and reference streams, species richness data and two separate similarity indices were
used. The Jaccard Similarity Index (J), based on presence/absence data, was calculated
using the formula:
J = C / (A+B-C)
where A and B is the number of species in site A or site B, respectively, and C is the
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number of species in common. A second similarity index used was the Similarity Ratio
(SRij) which takes into account the relative abundance of each species within the two
sites being compared and was calculated using the formula:
SRij = Ek Yki Ykj / (Ek Yki2 + Ek Ykj2 - Zk Yki Ykj)
where i and j are two sites, Yki is the relative abundance of the k-th species at site i, and
ykj is the relative abundance of the k-th species at site j. For both similarity indices, a
value of one indicates species composition are exactly the same in both sites and a value
of zero indicates no similarity in fish assemblages between the two sites.
To analyze differences in overall fish abundance in pilot and reference sites, catch
per unit effort (CPUE) was computed. Differences in population and assemblage size
structure between pilot and reference watersheds were analyzed by comparing total
biomass and percent composition of biomass of individual species. Using fish community
data, we calculated the Index of Biotic Integrity (IBI) to estimate and compare the overall
health of the aquatic ecosystem at each study site. Recently, a new IBI has been
developed for Illinois streams (R. Smogor, personal communication). In this report, we
used the new scoring criteria to make comparisons among sites sampled from 1998 to
2002 (previous reports use the old IBI scores and metrics).
FINDINGS
Fish Assemblages
Species Richness
In 2002, we sampled all sixteen pilot and reference sites (4 pilot and reference
watersheds with 2 sites each) to collect additional baseline data in 3 of the 4 pilot
watersheds and collect data during the implementation phase in the Spoon basin.
Due to budget constraints we were unable to process all fish samples during the last year
and instead processed those in the Kaskaskia basin which has the least amount of baseline
data and the Spoon basin which is now in the implementation phase of the study. All
remaining fish samples will be processed in the next segment and results presented in the
next report.
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The Spoon basin included 30 species (28 species in 2001, 30 species in 2000, 36
in 1999, and 32 in 1998) with a total of 11,803 fish caught (Table 6). Species richness
was similar between upper and lower sites of the Spoon basin but total catch was four
times larger in the upper pilot site and two times larger in the lower pilot site compared to
their respective reference sites (Table 6). In the Kaskaskia basin, we caught a total of
1359 fish which included 31 species (Table 7). Here the pilot sites and their
corresponding reference sites were dissimilar in species richness with 2 - 3.5 more
species in reference sites. We also observed twice as many fish in the upper reference site
and five times as many fish in the lower reference site (Table 7).
Differences in species richness were consistent across years with similar richness
values between pilot and reference sites in the Spoon, lower Embarras (except in 2001),
and the upper Cache basins (Figure 15). The upper Embarras sites showed a trend of
increased similarity in species richness through time due to the increase in richness in the
upper pilot site. The lower pilot and reference sites in the Embarras were consistent in
species richness values across years with low differences in richness except in 2001
during which a 9-mile fish kill occurred in the reference watershed a month prior to
sampling (Figure 15). We are continuing to monitor these lower Embarras sites twice a
year to determine at what point the community rebounds to pre-disturbed levels. The
Spoon watershed and upper Cache showed similarity in richness between the pilot and
reference sites with little annual variability in species richness (Figure 15). In contrast,
the lower Cache showed large fluctuations in differences in species richness from year to
year due to the increase in richness at the lower pilot site across years and the increase in
species richness in the lower reference site in 1999 (Figure 15). For the Kaskaskia basin,
pilot and reference sites were dissimilar in species richness with a large difference in
2002 between the upper sites and a gradual decline in similarity for lower sites (Figure
15). This variability in richness similarity between the upper and lower sites can be
attributed to the trend of increased number of species at both sites in the reference
watershed.
Total catch was more dissimilar between pilot and reference sites than species
richness with high annual variability for most basins (Figure 15). In the Embarras,
differences in total catch between upper and lower sites were variable across years with
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low similarity in catch for most years and a trend of decreasing similarity between lower
sites (Figure 15). ). Total catch at lower sites of the Spoon were also dissimilar with large
fluctuations in differences between the pilot and reference sites while differences
between upper sites tended to be more stable (Figure 15). Unlike the Spoon and Embarras
basins, total catch in the Kaskaskia and lower Cache was similar between the pilot and
reference sites, and differences in catch showed little annual variability (except in the
lower Cache in 2000) (Figure 15).
Assemblage Composition
To assess similarity in species composition between pilot and reference sites,
Jaccard's Similarity Index and Similarity Ratios were calculated with a value of one
indicating complete similarity between sites. Based on Jaccard's index which uses
presence/absence data, species composition was relatively similar between most pilot and
reference watersheds (range = 0.25 - 0.83) with low annual variability in index values
(Table 8). The Embarras and Spoon basins showed higher similarity in assemblage
composition (range = 0.47-0.76 and 0.48 - 0.83, respectively) than the Cache (0.25 -
0.57) and Kaskaskia basins (0.14 -0.47). With a few years as exceptions, pilot and
reference sites in the Embarras, Cache, lower Spoon, and lower Kaskaskia basins had
consistent similarities in species composition across years (Table 8). In the upper Spoon
and upper Kaskaskia basins, similarity in assemblage composition between the pilot and
reference was more variable from year to year. When taking into account the relative
abundance of each species (i.e using Similarity Ratios), we found assemblage
composition was typically less similar between pilot and reference sites for most basins
and years, but Similarity Ratios generally followed the same trends we observed with
Jaccard's index (Table 8).
Fish Abundance
To analyze the pre-BMP conditions in pilot and reference streams, catch per hour
of electroshocking time was calculated for each site. Generally, CPUE in most years was
larger in pilot watersheds compared to their reference sites Figure 16). In the Spoon,
Kaskaskia, lower Embarras, and lower Cache, differences in CPUE (Figure 16) showed
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similar trends as was found for total catch (Figure 15). Upper and lower sites of the
Kaskaskia basin were the most similar in CPUE compared to the other basins with very
low annual variability (Figure 16). Differences in CPUE for the Cache and upper Spoon
basins were also relatively stable across years, with pilot and reference sites somewhat
similar in CPUE. CPUE in the Embarras basin showed the most annual variability of all
basins with lower sites becoming less similar through time (Figure 16).
Fish Biomass and Size Structure
Weights of each species caught were averaged for each site and comparisons of
biomass and percent composition of biomass were made between upper and lower sites
within each basin to determine differences in size structure between pilot and reference
streams. As indicated previously, we are currently processing the remaining 2002 fish
samples from the Embarras and Cache basins, therefore, biomass data from only the
Spoon and Kaskaskia will be presented in this section of the report. Total biomass per
area was very similar between pilot and reference sites in the upper and lower Spoon
basin (Tables 9 and 10). River carpsucker (Carpiodes carpio) made up the largest percent
composition of biomass in both the upper pilot (46.1%) and upper reference site (51.6%)
(Table 9). Approximately 13% of upper Court Creek's biomass consisted of bluntnose
minnow (Pimephales notatus) while creek chub (Semotilus atromaculatus) composed
13.5 % of upper Haw Creek's total biomass. Both upper Spoon sites had similar percent
composition of biomass for catostomid, centrarchid, ictalurid, and percid families (Table
9). In the lower sites, bluntnose minnow made up the largest percent composition of
biomass in both the pilot (39.3%) and reference (31.9%) sites (Table 10). Red
(Cyprinella lutrensis) and sand shiners (Notropis ludibundus) also made up a large
portion of the total biomass along with smallmouth bass (Micropterus dolomieu) in the
lower pilot site and green sunfish (Lepomis cyanellus) in the lower reference site. Percent
composition of centrachid and cyprinid families was similar between the two lower sites
while total biomass of lower Court (pilot) consisted of more castostomids than its
reference site (Table 10).
Unlike the Spoon basin, upper and lower sites of the Kaskaskia were not similar
in total biomass per area nor in percent composition ofbiomass (Tables 11 and 12). In
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the upper Kaskaskia, the pilot site (Lake Branch) consisted largely of golden shiner
(Notemigonus crysoleucas), yellow bullhead (Ameiurus natalis), and green sunfish while
biomass in the reference site consisted primarily of largemouth bass (Micropterus
salmoides) and bluegill (Lepomis macrochirus) (Table 11). Total biomass per area in the
lower reference site was 30 times as large as the lower pilot site which consisted
primarily of golden shiner and river carpsucker (Table 12). Biomass in the lower
reference site was more evenly distributed across species, but common carp (Cyprinus
carpio), yellow bullhead, and green sunfish made up the largest percent biomass at this
site.
Fish Community
To assess the quality of the fish community, the Index of Biotic Integrity (IBI)
was computed for each site. We used the new IBI criteria in order to compare stream
quality between pilot and reference watersheds. Of the eight sites we have processed in
2002, no sites scored greater than 51 of a possible 60 (very good to excellent stream
quality) using the new IBI criteria (Table 13). Only three sites received scores between
41 and 50 (good stream quality). Under the new IBI criteria, three sites scored in the
moderate quality range (31 to 40), one in the fair quality range (21 to 30), and one site
(upper Lake Branch) scored less than 20 indicating poor quality conditions (Table 13). In
2002, IBI scores between pilot and reference sites were similar in the lower Spoon basin,
but IBIs indicated dissimilarity in stream quality between the upper Spoon and upper and
lower Kaskaskia sites (Table 13).
Comparing IBI scores across years within a site, we found that IBI scores were
relatively stable for seven of the sixteen sites (Table 13). Lower Hurricane and upper and
lower Kickapoo showed stable stream quality scores from 1998 to 2001 (with the
exception of the 2001 fish kill at lower Kickapoo). In the Spoon, upper Haw Creek and
lower Court (with the exception of 1999) were consistent in IBI scores across all years,
and in the Cache, upper Big and lower Cypress sites were relatively steady in stream
quality scores from 1998 to 2001. IBI scores for all sites in the Kaskaskia basin were
more variable from year to year than in other basins. However, upper and lower sites of
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the pilot (Lake Branch) never received scores above a fair quality rating while reference
sites received scores ranging from moderate to good quality across all years.
Individual BMPs
As part of our assessment of BMP effects on stream fish assemblages, we are
currently monitoring a Newbury weir site in the Court Creek watershed located
approximately 300m downstream of our upper Court Creek site. We sampled this stream
segment twice prior to BMP implementation (one in mid-Oct. 2000 and one in late May
2001) and on three post-BMP dates (late August 2001, early June 2002, and early
September 2002). We found no trends in species richness or CPUE across years.
Although total catch did show a gradual decline across years, pre- and post-weir samples
were not statistically different in total catch (p=0.2 3 ) nor in species richness (p=0.59) and
CPUE (p=0.24) (Tables 14 and 15). However, we do find that numbers of white sucker
(Catostomus commersoni) and smallmouth bass increased at this site immediately after
weir installation (sample date 8-30-01) and overall numbers of cyprinids have decreased,
particularly bluntnose minnow, sand shiner, and creek chub (Table 14). IBI scores were
also calculated for each sampling date and were not statistically different between pre-
and post-weir construction (Tables 14 and 15). Composition of total biomass shifted from
cyprinid species (primarily bluntnose minnow; 36%) on pre-weir dates to catastomid
species and smallmouth bass in the post-weir dates (Tables 16 and 17). In contrast, we
found that the spring pre-weir sample showed similar percent composition of biomass for
smallmouth bass (21.3%) and sucker species (58.7%) compared to post-weir samples
(Aug. 2001 = 27.7% for smallmouth bass and 52.7% for suckers; June 2002 = 41.0% and
46.7%; Sept. 2002 = 21% and 49.6%) (Tables 16 and 17). However, this similarity is a
result of a few large smallmouth bass (average weight: 631 g) being caught in May
whereas either more small smallmouth bass (average weight: 62.1 g) and greater number
of white suckers or larger bass and suckers were collected in post-weir dates (Tables 16
and 17). A year after installation of Newbury weirs, we found that some shifts in fish
assemblages have taken place in this reach. We will continue to monitor this site as well
as additional sites where BMPs are implemented in order to obtain information on how
these individual practices effect the physical habitat, macroinvertebrates, and fish
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assemblages immediately after installation and relate our findings at the local scale to
changes in physical and biotic parameters at the watershed scale.
As with in-stream habitat, we were also interested in the ability to detect changes
in fish assemblage composition, abundance, and quality of the fish community after BMP
implementation. In order to determine our ability to detect changes in fish community,
we incorporated the 2001 data into our previous power analysis (see Dodd et al. 2001 and
Dodd et al. 2002 for detailed results). We found that we were able to detect relatively
small amounts of change in species richness, Jaccard's Similarity, Similarity Ratio, and
IBI with 4 years of post-BMP data (Tables 24-26 in Dodd et al. 2002). CPUE tended to
be more variable year to year than other fish assemblage characteristics, therefore, we can
only detect larger changes in this parameter after four years post-BMP (Table 24 in Dodd
et al. 2002). In 2000 and 2001, a study on electric seine efficiency for fish collection was
carried out by Ann Holtrop and Chad Dolan of the Illinois Natural History Survey and
Roy Smoger of Illinois Environmental Protection Agency. Results of this study will be
incorporated with our preliminary bootstrap analysis to determine efficiency of our data
collection methods and relate this efficiency to our ability to detect changes in fish
assemblages.
Relationships between abiotic and fish assemblage parameters
To gain a better understanding of how changes in abiotic factors resulting from
BMPs might affect fish community structure, we also performed a correlation analysis
examining these relationships. Data for densities of bluegill, green sunfish, and longear as
well as the number of intolerant species under the new IBI were transformed before
correlation analysis to conform with the assumptions of normality. As with habitat
correlations, data from 1998 to 2001 were averaged in the analysis and an ac < 0.05 was
used to indicate significant relationships between abiotic and biotic factors. In terms of
water quality, average summer temperature and dissolved phosphorus in all seasons were
significantly correlated to most fish assemblage parameters we examined (Table 18).
Average summer temperature was positively correlated to densities of green sunfish and
negatively correlated to CPUE, species richness, and the new IBI scores (Table 18).
Dissolved phosphorus in spring, summer, and fall were positively correlated to density
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of bluegill and negatively correlated to species richness, the new IBI, and number of
intolerant species (Table 18). Physical habitat including mean depth, mean velocity, and
percent pool were significantly correlated to a majority of fish assemblage parameters.
CPUE, species richness, new IBI, and number of intolerant species were significantly
negatively correlated with mean depth while density of green sunfish had a positive
relationship with depth (Table 18). Mean velocity and percent pool had a significant
positive relationship with species richness, and number of intolerant species while
showing a negative relationship to green sunfish densities (Table 18). Percent pool was
also found to be positively correlated to CPUE and negatively correlated to bluegill
densities. Maximum particle size, percent vegetation, and percent cover had few
significant correlations with fish assemblage parameters. This suggests that fish
assemblages may not be tremendously affected by percent vegetation or cover (i.e. very
low correlation values) or that fish may be affected by all three parameters indirectly
through changes in macroinvertebrate communities (i.e. marginally significant correlation
values to fish parameters; a < 0.10) (Table 18).
Most of the fish parameters examined in our analysis were highly correlated with
one another (Table 18). Because the new IBI is made up of metrics based on many of the
fish parameters used in the analysis (i.e. CPUE, species richness, number of intolerant
species), we expected and found that this descriptor of stream quality had strong
correlations with our fish parameters. New IBI scores were positively correlated to
CPUE, species richness, and number of intolerant species and negatively correlated to
density of green sunfish (Table 18). We also found that CPUE and species richness were
positively correlated to number of intolerant species and negatively correlated to density
of green sunfish. Densities of bluegill and longear sunfish (Lepomis megalotis) showed
few significant correlations with other fish parameters, indicating these parameters are
not good descriptors of fish assemblages and stream quality in our study.
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RECOMMENDATIONS
From our analysis on various fish assemblage parameters, we found that species
richness and community composition (Jaccard's Similarity Index and Similarity Ratios)
were similar between pilot and reference watersheds (with the exception of the
Kaskaskia) with relatively low annual variability. We found that composition based on
presence/absence data (Jaccard's Similarity Index) was less variable than composition
based on relative abundance (Similarity Ratios). Our analysis of the baseline data
suggests that richness and community composition are good descriptive parameters to use
when detecting changes or shifts in fish assemblages. Total catch and CPUE were found
to be less similar between pilot and reference sites than species richness with differences
in catch and CPUE being more variable from year to year. From our power analysis we
found that changes as small as five species can be detected in 12 of 14 sites after four
years post-BMP collection (Table 24 in Dodd et al. 2002). A previous study on the
effects of local riparian landuse documented a significant difference (at a = 0.05) of five
species between streams with local-wooded and local-open riparian landuse (Lee et al.
2001). In 2002, total biomass and percent composition of total biomass for individual
species were similar between pilot and reference sites in the Spoon basin but were
dissimilar between upper and lower sites in the Kaskaskia.
For those eight sites processed in 2002, stream quality was in the moderate to
good range for most sites. However, only the lower Spoon basin sites showed similarity
in IBI scores. We also found that seven of the sixteen sites were relatively stable in IBI
scores across years sampled, but the Kaskaskia basin showed annual variability in IBI
scores at all four sites. In a previous study on local riparian landuse, a difference in
average IBI score of 14 was found to be significantly different (at ca = 0.05) between
streams with local-wooded and local-open riparian buffers (Lee et al. 2001). In
Wisconsin watersheds, a difference between IBI scores in treated and reference streams
significantly changed after BMP implementation with an average difference in IBI of 9.4
points (at ac = 0.10) (Wang et al. 2002). From our power analysis (using a = 0.05), we
found a change in IBI of 9 points or less (using the old IBI) could be detected in 14 sites
after only 3 years of post-BMP collection (see Dodd et al. 2002). Although we found
some annual variability in our IBI scores for most sites, our analysis of composition and
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size structure as well as our power analysis and comparisons with relevant literature
suggests that annual variability is low enough to allow detection of small changes in fish
assemblages. From this, we are confident that the pairings are well matched for
examining differences in fish assemblage composition and size after BMP
implementation.
Our study will provide important information to guide watershed management in
that we are examining effects of BMPs at the watershed and reach scale before and after
implementation. We are also comparing these changes to reference watersheds to account
for temporal variability. Previous studies that monitored effects of BMPs were not
conducted at several spatial and temporal scales (Edwards et al. 1984; Roni et al. 2002);
and, thus, were unable to evaluate landscape scale effects of BMPs. By examining
various characteristics of the stream ecosystem in our study, we can also form linkages
between water quality/habitat and the biota that will provide a mechanistic understanding
to changes that occur in fish assemblages after BMPs. From our preliminary correlation
analysis, we found summer temperature and phosphorus were the two water quality
variables that correlated strongly with fish community metrics. In addition, mean depth,
velocity, and percent pool were the main physical habitat variables highly correlated to
fish assemblage parameters. This suggests that BMPs which affect these
chemical/physical habitat parameters may result in the greatest changes in fish
assemblage structure.
To assess the changes in fish assemblages in these pilot watersheds, further pre-
BMP data should be collected and analyzed. Baseline data are key to the Before-After-
Control-Impact-Pairs study design (BACIP) because the ability of the design to detect
effects of a treatment depends strongly on the number of sampling dates before and after
the treatment is initiated, the size of the treatment effect (defined as the difference
between the average before and after differences between the treatment and control sites),
and the variability in the treatment and control sites in each period (Osenberg et al. 1994).
Obtaining sufficient numbers ofpre-treatment samples is critical, because additional
before samples cannot be obtained after the treatment is implemented. This is especially
important in the Kaskaskia where we were unable to sample the upstream reaches in the
first two years of this study. However, due to budget constraints in 2003, fish data will
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only be collected at the Cache and Spoon basins during the implementation phase of
BMPs.
In the Spoon basin, we are currently monitoring changes in fish assemblages at
the watershed-scale and site-scale at locations where individual BMPs are being
implemented. As with monitoring baseline conditions, it is also important to continue
monitoring this watershed during the implementation phase in order to gain knowledge
on the rate in which BMPs affect the entire stream system and to determine which stream
characteristics (physical habitat, fish, or macroinvertebrates) are affected immediately
after implementation. We are currently monitoring the Newbury weir site in the Court
Creek watershed where we have two pre-BMP sampling dates (one in mid-Oct. 2000 and
one in late May 2001) and three post-BMP dates (late August 2001, early June 2002, and
early September 2002). From our pre-weir and post-weir data, we found some shifts in
fish community composition and observed that all parameters used to measure fish
communities must be examined to determine changes or trends. Although richness, IBI
scores, CPUE, and biomass did not show significant differences between pre- and post-
construction (Table 15), we did find a shift in percent composition from cyprinids to
suckers and smallmouth bass (Tables 16 and 17). A three year study on artificial riffles in
Ohio found more bass and sunfish species occupied the site with riffles while cyprinids
and catastomids occupied the reference site (Edwards et al. 1984). Based on comparisons
of our findings with the Ohio study, it seems likely that additional post-weir data will
show continued shifts in fish assemblages after implementation of Newbury weirs. We
will continue to monitor fish assemblages at this site through time following
implementation by adding the 2003 data to our current analysis. This site as well as other
individual BMPs should be monitored to assess long term changes in fish communities.
We are currently monitoring an additional Newbury weir site in the Court Creek
watershed. Weirs were installed at this site in early summer 2003 and we will present
preliminary results in the next report. In Big Creek, we are planning to monitor a location
also designated for Newbury weir construction, however, it is not clear when these weirs
will be constructed. Other individual BMPs such as riparian buffer strips, bendway weirs,
etc., should also be monitored as these practices are implemented.
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Job 101.3. Effects of BMPs on fish growth rates.
OBJECTIVE
To determine the local and watershed-wide responses of fish growth rates of select
species to the implementation of watershed management practices.
INTRODUCTION
Only a small number of large-scale studies have addressed watershed
management practices on fish populations. Thus, a greater understanding of how
processes operating at large spatial and temporal scales affect stream fish is necessary
(Schlosser 1995). Our study further examines the impacts of BMPs on fish populations
by evaluating differences in growth rates before and after BMP implementation. Growth
is a useful metric for evaluating habitat suitability, prey availability, fish health, and
management practices because it results from the effects of both endogenous and
exogenous conditions (DeVries and Frie 1996). Species composition, abundance, and
size structure have historically been used to describe the population dynamics of stream
fish communities, but the results of these metrics alone offer little insight into the factors
regulating them. A species appearing in the species composition score only means that
the habitat falls into a range of conditions that allows the species to exist. It does not give
an indication of how well the habitat meets the needs of the species. For example, high
abundance may indicate that reproductive potential and survival are not limited by the
habitat, but abundance fails to account for the health and sustainability of the existing
population. Size structure alone may not be an adequate indicator of how well the habitat
meets a species needs because it does not provide information about the length of time it
took for the individuals in a population to reach their current size. By examining growth
rates, our understanding of the mechanisms regulating stream fish communities
(Schlosser 1987) and traditional evaluation metrics may be improved because growth
plays an important role in regulating population dynamics of fishes (Werner and Gilliam
1984). Therefore, in addition to species composition, abundance, and size structure of
stream fish, we will determine the growth rates of individual species in an effort to
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detect changes in stream quality. Species composition, abundance, and size structure
may change from year to year within a site, but growth rates can be tracked for the life of
a fish providing us with a history of the stream conditions before the study began. Thus,
growth rates may be a more effective measure of improvements in stream quality and
help us understand the factors regulating species composition, abundance, and size
structure.
PROCEDURES
Changes in growth rate will be evaluated for selected fish species associated with
the implementation of watershed management practices at each of the sites. Based on the
1998-1999 fish data, the most common species that were abundant across sites were
chosen for analysis. The species chosen were largemouth bass, bluegill, longear sunfish,
green sunfish, creek chub, white sucker, golden redhorse (Moxostoma erythrurum),
central stoneroller (Campostoma anomalum), and yellow bullhead. Various aging
structures (i.e. scales, spines, and otoliths) were collected from all fish to determine
which bony structure was most suitable for aging a particular species. Scales were used
for aging Micropterus spp., Lepomis spp., creek chub, central stoneroller, and golden
redhorse. Otoliths were used for aging Lepomis spp. collected in 2000, 2001, and 2002
due to a study showing that otoliths provide more precise age estimates than scales
(Hoxmeier et al. 2001). Pectoral fin rays/spines were collected for aging white sucker
and yellow bullhead. Fish larger than 100 mm were identified to species, weighed,
measured for total length, and released after the proper aging structures were removed.
Lepomis spp. were returned to the lab and frozen for otolith extraction. Other fish species
smaller than 100 mm were preserved in 10% formalin and returned to the lab. Preserved
samples were processed in the lab using the same protocol as those in the field.
For age and growth analysis, we tried to obtain a minimum of 30 individuals per
species and site. Scales were impressed on acetate slides and spines are currently being
sectioned. Radii and interannular distances were recorded with a digitizing tablet
connected to a computer (Frie 1982). Lengths at each previous year were back-calculated
from the averaged scale measurements using the Fraser-Lee method. Once all the initial
readings are complete, a subsample will be aged by a second person to verify age
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estimates. Using back-calculated values, annual size-specific growth will be compared
before and after implementation of the watershed management practices at both the pilot
and reference sites. Size-specific growth was chosen as the basis of comparison because
it often provides more ecologically meaningful comparisons than age-specific growth
rates (Larkin et al. 1957, Gutreuter 1987, Putnam et al. 1995). Annual size-specific
growth was determined at two sizes for bluegill, longear, and green sunfish and will be
determined for the additional species listed above. Sizes were chosen to encompass the
range in which known ontogenetic diet and habitat shifts occur with a small size
approximating growth of age-0 to age-1 fish prior to maturity and large size
approximating growth after the onset of maturity. An annual growth increment vs. initial
total length plot was generated for each basin, year, and size combination in which a
significant regression could be made using the REG procedure of SAS (SAS Institute
1989). This allowed comparisons of size-specific growth between pilot and reference
sites. We used a regression analysis to test whether or not the independent variable
(initial length) contributed to the determination of the dependent variable (annual
growth). Slopes of significant regressions within each basin and year combination were
tested for homogeneity using the MIXED procedure in SAS to determine if size-specific
growth rates differed among sites. Confidence limits (95%) were calculated for slopes of
the regressions to characterize the magnitude and direction when a difference of growth
rate occurred and to assess trends in growth rates across years within a site. Intercepts of
the regressions were compared by examining 95% confidence limits to determine if
differences in age-0 growth existed among the sites of a basin both within a year and
across years. Examination of first year growth using intercept confidence limits is
especially important when size-specific growth among sites is similar because growth
occurring in the first year determines growth in subsequent years. Size-specific growth
of pilot and reference sites were compared to determine how well the reference sites
could function as a reference after BMP implementation. These estimates, along with the
size-specific growth rates after BMP implementation, will be used to assess effects of
watershed management practices on stream fish growth.
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FINDINGS
Scales and otoliths collected from largemouth bass, bluegill, green sunfish, and
longear sunfish in 1998-2002 have been aged, and measurement of the interannular
distances had been completed for all basins. Creek chub, golden redhorse, and central
stoneroller scales, along with white sucker and yellow bullhead fin rays/spines, will be
processed, aged, and measured in the next segment. Because not all species have been
processed, an assessment of size-specific growth of only the species that have been
processed from pilot and reference watersheds will be presented in this report.
Combinations of basins, years, and size having no sites at which annual growth vs. initial
length could be regressed due to zero or few observations are not shown or discussed.
The size ranges used to designate an individual as immature or mature when
growth occurred were determined by examining mean length at age and development
stage of gonads. The low number of largemouth bass collected from each site was
inadequate to perform growth analysis so this species will not be discussed. Lepomis
species appear to be maturing later in the second year of life for females and slightly later
for males. Individuals beginning a growing season at 75 mm or smaller were designated
as immature because the initial length of age-1 individuals entering the second season of
growth typically ranged from 40-60 mm. Adequate numbers of mature lepomids were
not available for growth analysis so the subsequent analysis was performed for immature
(small) individuals.
For small bluegill, annual growth could be compared among sites in all four
basins for at least one year (Figures 17-19, Table 19). Tests of slope homogeneity show
that growth rates were not different among sites in the Cache Basin in any year except
1999 where the lower Cypress Creek site was significantly different from the upper Big
Creek site (P<0.01). Although age-0 growth was significantly higher at the lower site of
Cypress Creek, age-1 growth was the lowest and caused the slope of the growth
regression to be different between the upper and lower Big Creek sites (Figure 17, Table
19). Growth of small bluegill also did not differ (P>0.33) among all four Embarras Basin
sites in 2001 (Table 19). Growth rates in the Spoon Basin were similar (all P>0.15)
among all sites in all four years of growth comparisons (Figure 18, Table 19). Growth
rates among sites in the Kaskaskia Basin were similar for all years except 1999
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(P<0.01) when the lower site of Lost Creek had higher age-1 growth despite having the
lowest age-0 growth (Figure 19, Table 19).
Growth rates of small green sunfish could only be compared among sites of the
Spoon and Kaskaskia Basins due to inadequate sample sizes from the other basins
(Figures 20-21, Table 20). Green sunfish growth was marginally different (P=0.08)
among sites of the Spoon Basin in 1999 because age-0 growth of the upper Haw Creek
site was significantly less than the other sites although age-1 growth was similar (Figure
20, Table 20). Growth rates were similar among sites of the Spoon Basin in 2000
(P>0.21) and 2001(P>0.36). Green sunfish of the Kaskaskia Basin showed similar
growth in 1998 (P>0.70). However, growth was different in 1999 (P<0.01) and 2000
(P<0.02) because growth rate at the upper site of Lake Branch Creek was significantly
greater than the lower Lost Creek site despite similar age-0 growth at the sites in both
years (Figure 21, Table 20). Growth rate was marginally different (P=0.06) between
those same two sites in 2001 due to significantly different age-0 growth even though the
growth rates of older fish were similar (Table 20).
Analysis of growth for small longear sunfish could only be performed for the
Cache and Embarras Basins because few longear sunfish were collected from the
Kaskaskia Basin and no longear sunfish were collected from the Spoon Basin (Figures
22-23, Table 21). Differences in growth among sites of the Cache Basin were marginal
in 1998 (P=0.05) and 2000 (P=0.07) and did not occur in 1999 (P>0.47). When
comparisons with the upper site of Big Creek were possible, it appeared to have slightly
higher growth even though the only significant difference appears to be age-0 growth in
1999 (Figure 22, Table 21). In the Embarras Basin, growth was similar for small longear
sunfish between the lower Hurricane Creek and the lower Kickapoo Creek sites in 1998
(P>0.13). A significant difference (P<0.01) did exist in growth between the lower
Hurricane Creek and upper Kickapoo Creek sites in 1999 due to a significant difference
in age-0 growth even though growth rate for older ages appears similar between the sites
(Figure 23, Table 21). Despite a marginal result in the test for slope homogeneity
(P=0.06), no significant difference in growth rate or age-0 growth occurred among sites
of the Embarras Basin in 2001.
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Relationships between fish growth and environmental variables
To assess the relationships between fish growth and environmental variables,
metrics generated from the growth regressions were correlated with environmental
variables encompassing water quality, physical habitat, macroinvertebrate community,
and fish community parameters. Growth of small bluegill, green sunfish, and longear
sunfish at initial lengths of 30 mm, 50 mm, and 70 mm was predicted at each of the pilot
and reference sites. The slopes of growth regressions were also included in the
correlation analyses because these values indicate the rate of decline in annual growth as
initial fish length increases. Correlations were conducted using mean values of growth
metrics and environmental variables from all years combined. Environmental variables
were transformed to improve normality if necessary and the transformations performed
are noted for each variable (Table 22). An oc<0.05 was used in the correlation analysis to
determine the significance of correlations.
Bluegill growth was significantly correlated with at least one variable from each
of the water quality, physical habitat, invertebrate community, and fish community
categories (Table 22). The rate of decline in annual bluegill growth as a function of
initial length was not significantly correlated with any of the environmental variables.
Growth of 50 mm and 70 mm bluegill was negatively correlated to fall nitrate levels.
Both mean velocity and percent pool were negatively associated with bluegill growth at
all sizes. Oligochaete density was positively correlated with growth of 50 mm and 70
mm bluegill while chironomid density was negatively correlated to bluegill growth at all
three sizes. Total CPUE of fish species was negatively correlated with bluegill growth at
50 mm and 70 mm although the relationship was not significant for 30 mm individuals.
The number of intolerant species was negatively related to growth of 30 mm bluegill.
Green sunfish growth was only significantly correlated with fish community
variables. The lack of correlation between green sunfish growth and environmental
variables measured could be due to the generalist nature of green sunfish. A significantly
negative correlation was found between longear sunfish density and growth of green
sunfish at 30 mm, 50 mm, and 70 mm (P=0.04, <0.01, and <0.01, respectively). The rate
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of decline in annual green sunfish growth as a function of initial length was also
negatively correlated to longear sunfish density indicating that the interaction between
these two species becomes stronger as the size of the individuals increases (P=0.02). The
rate of decline in annual green sunfish growth as a function of initial length was also
negatively related to the new IBI (r=-0.70, P<0.01).
Significant correlations existed between longear sunfish growth and
environmental variables from all four categories (Table 22). Summer temperature and
fall dissolved phosphorus level were related to annual growth as a function of initial
length even though growth at individual sizes was not. Mean maximum particle size,
mean velocity, and percent pool were positively correlated with the rate of decline in
annual longear sunfish growth as a function of initial length, but only growth of 70 mm
individuals was significantly correlated with mean maximum particle size and percent
pool. Mean velocity and growth of initial length classes did not yield significant results
for any size. Growth of 30 mm and 50 mm longear sunfish was positively related to the
percentage of the stream without cover. For invertebrates, a negative correlation existed
between growth of 70 mm longear sunfish and oligochaete density whereas chironomid
density was positively correlated with growth of 70 mm individuals. The positive
correlation between longear sunfish growth and densities of mayflies and caddisflies
becomes stronger as the initial length of individuals increases. A negative relationship
existed for longear sunfish growth and the density of macroinvertebrates included in the
"other" category. The fish community variables of total CPUE, species richness, new
IBI, and number of intolerant species became more positively correlated with growth of
longear sunfish as the initial length of the individuals increased. The rate of decline in
annual longear sunfish growth as a function of initial length was negatively correlated to
green sunfish density, which indicates that the interaction between longear sunfish and
green sunfish becomes stronger as the size of the individuals increase. These interactions
are similar to those for green sunfish growth although only 70 mm longear sunfish
growth was significantly influenced.
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RECOMMENDATIONS
From our preliminary analysis, growth patterns of bluegill, green sunfish, and
longear sunfish appeared similar between upper and lower pilot and reference sites within
each basin. The same trends appeared to be true for largemouth bass although additional
individuals need to be collected from some sites in order to characterize growth. The
frequent similarity between growth patterns of pilot and reference streams both within
and across years indicates that the reference streams selected should act as good controls
for the evaluation of watershed and instream management practices on growth rates of
stream fishes. As bony structures are aged for the remaining species and radii and
interannular distances are measured for all species, we will be able to better assess pre-
BMP size-specific growth. Future field sampling should include additional structures for
pre-BMP growth analysis in the Cache, Embarras, and Kaskaskia Basins, particularly for
largemouth bass. However, due to budget constraints, we will only be collecting
additional structures for age and growth analysis in the Cache and Spoon Basins in 2003.
Implementations of BMP's began in 2000 for the Spoon Basin and we will continue to
monitor changes in growth resulting from these practices. BMP's will be implemented in
the Cache Basin as early as fall 2003 and we will be monitoring initial changes in growth
during the implementation phase.
Several physical habitat, macroinvertebrate community, and fish community
parameters produced strong correlations with fish growth. The number of environmental
variables correlated, to growth varied among the three species indicating that the growth
of some species is more directly related to environmental variables than others.
Additional species will be included in these analyses to better understand species-specific
reactions to environmental conditions. The addition of more observations for calculation
of growth metrics and means of abiotic parameters will dampen the effects of extreme
annual observations in growth and environmental conditions.
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Job 101.4. Effects of BMPs on benthic macroinvertebrate community structure and
crayfish abundance.
OBJECTIVE
To determine the local and watershed-wide responses of benthic macroinvertebrates,
including crayfish, to the implementation of watershed management practices.
INTRODUCTION
Most studies of stream biota have been conducted at relatively small spatial
scales, but it is clear that processes operating at large scales (e.g., land use in a
catchment) can strongly affect the integrity of stream fish and invertebrate (Richards et
al. 1996; Roth et al. 1996; Fitzpatrick et al. 2001; Stewart et al. 2001) assemblages. As
with studies on fish, most watershed scale studies on macroinvertebrates have primarily
focused on the effects of landuse in the watershed without examining effects of various
other practices before and after implementation (Fitzpatrick et al. 2001; Stewart et al.
2001). Most studies on invertebrates tend to focus on specific habitats (i.e. riffle, run, or
pools) rather than all habitats available in the watershed (Edwards et al. 1984; Weigel et
al. 2000; Fitzpatrick et al. 2001; Stewart et al. 2001).
To assess the effects of various BMPs on stream quality in these Pilot watersheds,
we are monitoring changes in benthic macroinvertebrates within all habitats. There are a
number of reasons to include benthic invertebrates in a monitoring program. First,
because of short generation times and high intrinsic population growth rates,
invertebrates should respond more quickly to improvements in water quality and physical
habitat than fish. Second, as discussed above, the power of the BACIP design to detect
treatment effects strongly depends on the number of sampling dates before and after
implementation of BMPs. Because serial correlation associated with frequent sampling
should be less of a concern with short-lived invertebrates than with fish (Stewart-Oaten et
al. 1986, Stewart-Oaten et al. 1992, Osenberg et al. 1994), invertebrates can be sampled
seasonally to increase the power of the BACIP design. Third, most stream fish ultimately
depend on benthic invertebrates as a food source and invertebrate monitoring will provide
a mechanistic understanding of improvements observed in fish assemblage structure (Job
101.2) and growth (Job 101.3).
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PROCEDURES
Benthic macroinvertebrates were sampled at each site from riffle, glide/pool, and
run habitats in fall (September - November) of 1998 and spring (May - early June),
summer (July), and fall (October) 1999 - 2002. At most sites, large gravel - cobble
substrates (riffle or run habitats) were sampled using a Surber sampler in 1998 (with
exception of Kickapoo Creek) and a Hess sampler in 1999 - 2002 equipped with a 300
jtm mesh net. Fine gravel - sand/silt substrates (run or glide/pool habitats) were sampled
with a coring device. Each habitat type was sampled in proportion to its relative
availability in the site with a maximum of fifteen samples (cores and hess/surber samples
combined) collected at a site. In 1999 - 2002, depth and hydraulic head was also
recorded at the location of each sample to help categorize habitat types. Samples were
preserved in the field in their entirety with 4% formalin.
Procedures recommended by Wrona et al. (1982) and Thrush et al.(1994) were
used in laboratory processing of the samples. All samples collected within the same
habitat type (i.e. riffle, run, glide) at a site/date were pooled. Samples were elutriated
using various size sieves and sorted from organic debris using a dissecting microscope at
10X magnification. Samples with a large number of organisms were sub-sampled and
macroinvertebrates identified to the family level with more sensitive taxa
(Ephemeroptera, Plecoptera, and Trichoptera) identified to genus using various
taxonomic keys (Wiederholm 1983; Thorp and Covich 1991; Merritt and Cummins 1996)
All samples from 1998 and 1999 have been processed and most have been
identified. Processing of 2000 - 2002 samples is currently underway and samples from
glide habitats in the Spoon and Cache basin from 2001 as well as samples from all
habitats in summer 2000 from the Cache are presented in this report. Within each habitat
type (riffle, run, or glide), we analyzed the community structure at a site/date in terms of
macroinvertebrate densities, taxa richness and percent Ephemeroptera, Plecoptera, and
Trichoptera taxa (%EPT). We also examined overall taxa richness at each site/date as
well as overall macroinvertebrate abundance. Stream quality was assessed through
Hilsenhoffs Family Biotic Index and similarity comparisons were made between upper
and lower sites and between habitat types across sites (Hilsenhoff 1988; Plafkin 1989).
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FINDINGS
In general, all sites in each basin and season were dominated by chironomids and
oligochaetes. For both glide and riffle habitats, chironomids and oligochaetes made up
the majority of invertebrate composition. However, riffle habitats did consist of sensitive
taxa such as mayflies and caddisflies. Total densities at a site varied across seasons while
taxa richness tended to be more stable across seasons (Table 23-25). Within each
season/year in the Embarras, the upper pilot and reference sites were more similar in total
catch per area (CPA) and taxa richness than the lower sites (Table 23). We also found
that taxa richness between the two upper and two lower sites was more similar in glide
habitats than in riffles. In the Spoon basin, total CPA between the two upper sites was
similar in summer and fall 1999, but differed by a magnitude of 2-3 times in 1998 and
spring 1999 (Table 24). Taxa richness between the upper sites was similar in spring and
summer 1999, and richness in glide habitats were more similar than riffles among all
sampling dates. In the lower sites of the Spoon, total site densities varied across seasons
and differed by a magnitude of 2-3 times for all sampling dates except summer 1999
(Table 24). However, site richness and richness in glides were similar between the lower
pilot and reference site at most sampling dates. For the Cache basin, the upper pilot site
(Big Creek) had consistently lower CPA but higher taxa richness than the reference site
(Table 25). This may be due to the differences in substrate found at these two sites
(gravel/cobble in upper Big and sand/silt in upper Cypress) and the presence of several
riffles in the upper pilot site. Lower sites of the Cache also differed in both site CPA and
glide CPA (except in spring 99 and summer 00) with the lower pilot site containing
higher total taxa richness but having similar richness in glides when compared to the
reference.
As with habitat and fish data collection, data collection on benthic invertebrates in
the Kaskaskia Basin did not begin until fall 1999. Because of this delay in data collection,
we have only processed and identified one sample from Lake Branch (pilot watershed)
which is presented in this report in Table 26. As we process and identify additional
samples from this basin as well as the other basins, we will continue to look for trends in
taxa richness and relative abundance before and after implementation of BMPs.
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To further look at relationships in water quality and benthic invertebrate
communities between pilot and reference watersheds before BMP implementation, we
calculated a Family Biotic Index (FBI) based on tolerance values for each habitat type
and for the entire site, (Tables 26 and 27) and percent of the overall community
composed of Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa (Table 27). Across
all basins, FBI scores ranged from 6.0 to 7.8 (fairly poor to very poor) in glide habitats,
4.6 to 7.5 in riffles (good to very poor) and 2.9 to 6.4 (excellent to fairly poor) in runs
(Table 26). Examining FBI scores for habitat types within each basin across dates, we
found that upper sites in the Embarras ranged from fairly poor to poor in glides and from
good to fairly poor in riffles (Table 26) with overall site scores ranging from fair to fairly
poor (Table 27). In the lower Embarras, FBI for glide habitats ranged from fairly poor to
poor water quality and ranged from good to poor in riffles (Table 26) with overall site
FBI scores ranging from 5.6 to 6.9 (fair to poor) (Table 27). FBI scores between upper
and lower sites and within individual habitats were very similar across all dates (Tables
28 and 29). Percent EPT taxa was low at all sites in the Embarras but was relatively
similar between upper and lower sites (Table 27).
In the Spoon, upper sites ranged from fairly poor to very poor in glides and good
to very poor in riffle habitats due to the high FBI score (7.5 = very poor) for upper Haw
in spring 1999 (Table 26). Similar to upper sites, FBI scores from the lower Spoon
ranged from fairly poor to very poor in glides and from good to poor in riffles as a result
of a higher score (6.0) for lower Haw in spring 1999 (Table 26). Overall FBI scores for
upper sites ranged from 5.2 to 7.5 (fair to very poor) and 4.8 to 6.0 for lower sites (Table
27) and were similar between upper and lower sites and between habitat types across all
dates (Tables 28 and 29). Community composition of EPT taxa was moderate to high at
most Spoon basin sites in 1998 and 1999 with %EPT being most similar between upper
and lower sites in spring 1999 (Table 27). For 2001, only glide habitats have been
analyzed for the Spoon basin, therefore, %EPT was low for all sites/dates, but FBI scores
fall into the range of those in 1998 and 1999 and were very similar between lower sites
and across seasons (Table 27).
Water quality based on invertebrate communities in the upper Cache basin ranged
from fairly poor to very poor in glides and from good to fairly poor in riffles while
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lower sites ranged from fairly poor to very poor in glide habitats and from fair to very
poor in riffles (Table 26). Overall site scores ranged from 5.6 to 7.3 (fair to very poor) for
upper sites and from 6.5 to 7.8 (poor to very poor) (Table 27). Although the FBI score for
riffles in Big Upper were low (indicating good water quality) overall FBI scores between
the upper and the lower sites were similar with very similar scores in glide habitats across
all dates sampled (Tables 28 and 29). Percent EPT was similar between lower sites at all
dates and between upper sites in spring 1999 (Table 27).
As with habitat and fish assemblages, we are also interested in understanding the
sensitivity of our sampling methods to detect changes in macroinvertebrate assemblages
using our current sampling methods. To examine with-in site accuracy of our data
collection used to describe benthic communities, we performed a bootstrap analysis on
number of core samples needed to obtain 20% standard error of the mean in spring and
summer samples (see Dodd et al. 2001 for detailed results). From our analysis, we found
that for most sites, we are collecting adequate number of core samples in both spring and
summer to reach 20% standard error. In order to determine our ability to detect changes
in community structure and water quality after BMPs, we also ran a power analysis on
glide habitats using annual variability in pre-BMP years to predict the amount of change
we can detect in taxa richness, FBI and %EPT after implementation of BMPs (see Dodd
et al. 2002 for detailed results). We found that we were able to detect relatively small
changes in all three macroinvertebrate characteristics (taxa richness, FBI, %EPT) with
only five years of post-BMP collection. As samples additional samples are processed and
identified, we will expand this analysis to include all habitat types and sites.
Relationships between abiotic factors , fish, and macroinvertebrates
To examine relationships between macroinvertebrates and chemical/physical
habitat and fish, we conducted correlation analyses using catch per area (CPA) of
coarsely identified macroinvertebrate categories (oligochaetes, chironomids, mayflies,
caddisflies, and "others") as well as CPA of total macroinvertebrates. Only summer
macroinvertebrate samples were used in the analysis and an ca < 0.05 was used to
determine significant relationships. As with fish assemblage parameters, summer
temperature and dissolved phosphorus for all seasons were strongly correlated with a
37
majority of the macroinvertebrate parameters we examined (Table 30). Summer
temperature was significantly positively correlated with densities of oligochaetes,
caddisflies, "others" (i.e. taxa that do not fall into the other four categories), and total
macroinvertebrate density. Spring, summer, and fall dissolved phosphorus concentrations
were negatively correlated with densities of chironomids, mayflies, and caddisflies and
positively correlated with densities of "others" (Table 30). In addition to these
parameters, fall dissolved phosphorus was also positively correlated with densities of
oligochaetes. There were few strong relationships between nitrate concentrations and
macroinvertebrate densities, with only mayflies and caddisflies showing significant
positive relationships with nitrate concentrations (Table 30). For physical habitat
characteristics, mean depth, velocity, maximum substrate size, and percent pool were
highly correlated with most macroinvertebrate densities used in our analysis. Densities of
oligochaetes were positively correlated to all physical habitat parameters with the
exception of percent cover which showed no strong relationships with any of the
macroinvertebrate densities (Table 30). Mean depth and maximum particle size were
strongly correlated with densities of oligochaetes, mayflies, "others", and total density.
However, these two habitat parameters demonstrated opposite trends with densities of
oligochaetes, "others", and total density having a positive relationship with mean depth
but a negative relationship with mean maximum substrate size (Table 30). Mean velocity
and percent pool was positively correlated with chironomid, mayfly, and caddisfly
densities and negatively correlated with oligochaete density (Table 30).
Comparing fish assemblage parameters with macroinvertebrate densities, we
found strong relationships between species richness, IBI, density of green sunfish,
number of intolerant species, and most of the macroinvertebrate parameters (Table 30).
Species richness were positively correlated to chironomid, mayfly, and caddisfly
densities and negatively correlated with densities of oligochaetes and "others". Density of
green sunfish showed an opposite relationship with these invertebrate parameters (Table
30). IBI scores showed a significant positive relationship with density of "others" and a
negative relationship with density of oligochaetes. Number of intolerant species showed
significant positive relationships with chironomid, mayfly, and caddisfly densities and a
negative relationship with oligochaete density. We found no significant relationships
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between density of longear sunfish and any of our invertebrate parameters (Table 30)
which was similar to our comparisons between habitat and longear sunfish. Combined,
these results indicate that longear sunfish density may not be an important indicator of
changes in fish assemblages as a result of shifts in macroinvertebrate communities after
BMPs. Densities of our coarse macroinvertebrate categories were strongly related with
each other; however total macroinvertebrate density showed no significant correlation
with any of the fish parameters we examined and showed few strong relationships with
other macroinvertebrate parameters (Table 30).
RECOMMENDATIONS
Data from 1998, 1999, and 2001 revealed relatively similar macroinvertebrate
composition (i.e. taxa richness) between pilot and reference watersheds although CPA
varied between pilot and reference sites and across seasons within a site. All sites and
most habitat types were dominated primarily by chironomids and oligocheates with a
larger percent of sensitive taxa (%EPT) in the Spoon basin.
From our baseline data, FBI scores were high (indicating degraded stream
conditions) and were similar between pilot and reference watersheds for all sites/dates.
Percent EPT was low for all sites with the exception of individual site/dates in the Spoon
basin. These FBI and % EPT scores suggest poor water quality and opportunities for
improved stream quality after BMP implementation. In a study on effects of riparian
landuse in Wisconsin streams, %EPT from riffle habitats was found to be significantly
higher in grass buffers than in riparian areas grazed by cattle with a average difference in
EPT taxa of 7% (Weigel et al. 2000). A previous study on artificial riffles in an Ohio
river found a significant difference (a = 0.05) in family richness of 4.1 between a site
with artificial riffles and a reference site (Edwards et al. 1984). This study also noted that
the community in the artificial riffle site (treated site) was dominated by hydropsychid
caddisflies, psephenids, and heptageniid mayflies while the reference site (which had no
artificial or natural riffles) was dominated by oligochaetes and chironomids. Based on our
power analysis, we were able to detect a similar difference in richness of 5 taxa or less in
3 of 4 sites after 5 years of post-BMP collection, and we were able to detect a change in
%EPT taxa of 5% or less in all sites tested after only one year of post-BMP data
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collection (see Dodd et al. 2002, Table 34). From the power analysis, we found that
annual variability in taxa richness, FBI, and %EPT taxa was low at most sites tested
allowing detection of small amounts of change in these community characteristics and
providing confidence in the ability to detect changes in macroinvertebrate communities in
response to BMPs. Processing and identification of 2001 - 2002 samples will continue in
the next segment. From this additional data, we will expand our power analysis to include
all habitat types at each site and allow further comparisons with the literature.
In order to improve our ability to detect a change following BMP
implementation, collection of additional benthos samples would be useful to quantify
pre-BMP conditions in macroinvertebrate communities in pilot and reference watersheds.
However, due to budget constraints in 2003 we will be unable to collect additional pre-
BMP data for invertebrates at the watershed scale. We have begun monitoring changes in
macroinvertebrate assemblages as BMPs are implemented in the Spoon basin pilot
watershed at both the watershed-scale and at specific sites were BMPs are being installed.
We will continue to monitor site-specific BMPs in this watershed during 2003 including
changes in macroinvertebrate communities at the same Newbury weir site in Court Creek
where we are monitoring changes in fish assemblages and habitat. For
macroinvertebrates, we have two pre-BMP sampling dates (one in mid-Oct. 2000 and one
in late May 2001) and six post-BMP sampling dates (Aug. and Oct. 2001, May, June,
Oct. 2002, May 2002). We are currently processing macroinvertebrate samples collected
from this Newbury weir site located downstream of the upper Court Creek site and
comparing invertebrate communities to a reference site (our upper Court Creek site)
before and after weir installation. Based on the Ohio study by Edwards et al. (1984) and
our power analysis, we are confident that we will be able to detect any significant
changes in the macroinvertebrate community at the reach scale due implementation of
rock riffle structures. As additional site specific BMPs are identified in the Court Creek
watershed as well as in the Big Creek watershed (Cache basin), we will collect pre- and
post-BMP data to assess the effects of specific types of BMPs on the macroinvertebrate
community.
Most studies that monitor changes in invertebrate communities in relation to
landuse or other BMP implementation often use qualitative or semi-quantitative
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methods and tend to focus on riffle habitats (Edwards et al. 1984; Weigel et al. 2000;
Fitzpatrick et al. 2001). In addition, past studies examining affects of restoration
practices on invertebrates have often sampled only one characteristic of the stream (i.e.
water quality, habitat, or fish). Our study is designed to assess effects of several types of
BMPS on macroinvertebrates at the local and watershed scale and within all habitat
types. By including invertebrate data collected in all habitats in both treated and reference
watersheds before and after implementation as well as collecting habitat and fish data, we
will be better able to detect changes in macroinvertebrate communities and relate this to
changes in habitat as well as changes in fish assemblages. From our correlation analysis
between abiotic and biotic factors, we found several strong relationships between water
quality and habitat variables and macroinvertebrate community parameters. Summer
temperature, phosphorus (for all seasons), mean depth, velocity, maximum substrate size,
and percent pool were highly correlated with most invertebrate metrics used in our
analysis. In addition, we found several strong relationships between fish assemblages and
macroinvertebrate densities with fish richness, green sunfish density, and number of
intolerant fish species showing the strongest correlations. Our analysis is a preliminary
step in finding significant and meaningful relationships between abiotic and biotic
characteristics in the study watersheds. We will build on this analysis by adding
additional parameters that we have not yet analyzed as well as using more rigorous
statistical procedures (i.e. multiple regression, PCA) to determine how these parameters
interrelate. These analyses will be presented in the subsequent reports.
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Job 101.5. Analysis and reporting.
OBJECTIVE
To prepare annual and final reports that summarize work accomplished and evaluate the
effectiveness of watershed management practices for improving water quality.
Data were analyzed and reported within individual jobs of this report (see Job 101.1-
101.4).
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Table 2. Summary of site-scale habitat variables. Each site is approximately 20 times
the mean bankfull width (Wbf) in length (Gough 1997).
Variable
1) Drainage area (kmi2)
2) Stream order
3) Site length (m)
4) Water temperature
(°C)
5) Discharge (m3/s)
6) Total P and soluble
reactive P0 4 - P
7) Total N and
NO3 - N
8) NH3 -N
9) Suspended
sediments
Sample
Frequency
1 time only
1 time only
Annual
Continuous
Continuous
Once/week;
Hourly during
spates
Once/week;
Hourly during
spates
Once/week;
Hourly during
spates
Once/week;
hourly during
spates
Method
1:24,000 topographic maps; GIS
1:24,000 topographic maps
Site length = 2 0Wbf; see method for Wbf (Table 3)
Optic Stowaway temperature logger; Gaging
Stations (ISWS)
Gaging Stations (ISWS)
Ascorbic acid method (APHA 1995);
automatic pumping sampler at Gaging Stations
(ISWS)
Cadmium reduction method (APHA 1995);
automatic pumping sampler at Gaging Stations
(ISWS)
Phenate method (APHA 1995);
automatic pumping sampler at Gaging Stations
(ISWS)
Depth-integrating DH-48 sampler (Gordon et al.
1992); automatic pumping sampler at Gaging
Stations (ISWS)
Table 3. Summary of transect-scale habitat variables. Ten transects were sampled at
each site. All variables will be sampled once/year when fish sampling is conducted.
Variable
Bankfull width (m)
Stream width (m)
Depth (mm)
Hydraulic Head (mm)
Bottom substrate type
Cover (%)
Shading (%)
Bank vegetation cover (%)
Undercut bank (mm)
Bank height
Riparian land use
(left and right bank)
Description
Horizontal distance along transect, measured perpendicular to
stream flow, from top of low bank to a point of equal height on
opposite bank (Gough 1997). Measured one time only for site
length
Horizontal distance along transect, measured perpendicular to
stream flow from bank to bank at existing water surface
Vertical distance from water surface to stream bottom, measured at
6 equally spaced points along transect
Measurement of stream velocity at each point along transect.
Taken as difference between water height on ruler facing upstream
and water height on ruler facing downstream (Stanfield et al. 1998)
Composition of stream bed measured at each point and in a 30 cm
circle around each point where stream depth is measured; particle
diameters in each category are:
Clay: <0.004 mm
Silt: 0.004 - 0.062 mm
Sand: >0.062 - 2 mm
Gravel: >2 - 64 mm
Cobble: >64 - 256 mm
Small boulder: >256 - 512 mm
Large boulder: >512 mm
Object(s) that are 10 cm wide along median axis and blocks greater
than 75% of sunlight; the largest object which is partially or
wholly within a 30 cm circle around each point along the transect
are measured.
Proportion of densiometer grid squares covered at the center of
each transect.
Proportion of bank which is covered with live vegetation; based on
number of 5 X 6.25cm grids out of 16 grids that contain live
vegetation.
Distance at each side of transect between maximum extent that
streamside overhangs channel to furthest point under the bank, to
nearest millimeter.
Height from water's edge to top of bank; indicates amount of
incision.
Composition of riparian zone at distances of 1.5-10 m, 10-30 m,
and 30-100 m along each transect: largest land use category is
recorded and is estimated visually; categories are: Cultivated,
Herbaceous, Woody, Mature Trees, Tree roots.
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Table 6. List of fish species and numbers collected in upper and lower sites of the Spoon Basin in 2002.
Species
Catostomidae
Golden redhorse
Northern hog sucker
Quillback
River carpsucker
White sucker
Centrarchidae
Bluegill
Green sunfish
Largemouth bass
Redear sunfish
Smallmouth bass
Cyprinidae
Bigmouth shiner
Blacknose dace
Bluntnose minnow
Carp
Central stoneroller
Creek chub
Golden shiner
Hornyhead chub
Red shiner
Redfin shiner
Sand shiner
Striped shiner
Suckermouth minnow
Ictaluridae
Channel catfish
Slender madtom
Stonecat
Yellow bullhead
Percidae
Johnny darter
Orangethroat darter
Slenderhead darter
Total Catch
Species Richness
Court Haw Court Haw
Scientific Name Upper Upper Lower Lower
Moxostoma erythrurum
Hypentelium nigricans
Carpiodes cyprinus
Carpiodes carpio
Catostomus commersoni
Lepomis macrochirus
Lepomis cyanellus
Micropterus salmoides
Lepomis microlophus
Micropterus dolomieu
Notropis dorsalis
Rhinichthys atratulus
Pimephales notatus
Cyprinus carpio
Campostoma anomalum
Semotilus atromaculatus
Notemigonus crysoleucas
Nocomis biguttatus
Cyprinella lutrensis
Lythrurus umbratilus
Notropis ludibundus
Luxilus chrysocephalus
Phenacobius mirabilis
6
0
2
0
241
15
6
2
2
19
42
0
857
0
276
69
0
11
148
45
437
10
0
Ictalurus punctatus
Noturus exilis
Noturus flavus
Ameiurus natalis
Etheostoma nigrum
Etheostoma spectabile
Percina phoxocephala
0
0
9
11
52
13
0
2273
21
1
0
0
0
43
78
8
7
0
0
5
6
123
1
2
32
2
19
128
1
69
0
0
0
1
1
2
8
0
1
538
21
6
2
6
3
6
6
16
3
0
56
25
2
2406
0
37
8
0
11
1528
0
1825
0
6
4
0
1
3
16
4
1
5981
24
0
0
0
1
0
1
154
2
0
4
2
2
1037
0
9
19
0
74
1005
0
487
0
4
9
0
17
5
13
2
164
3011
20
Table 7. List of fish species and numbers collected in upper and lower sites of the Kaskaskia Basin in 2002.
Species-
Catostomidae
Creek chubsucker
River carpsucker
White sucker
Centrarchidae
Bluegill
Green sunfish
Largemouth bass
Longear sunfish
Longear sunfish x Green sunfish hybrid
Warmouth
White crappie
Clupeidae
Gizzard shad
Cyprinidae
Bluntnose minnow
Carp
Creek chub
Fathead minnow
Golden shiner
Red shiner
Redfin shiner
Sand shiner
Silverjaw minnow
Silvery minnow
Suckermouth minnow
Cypriodontidae
Blackstripe topminnow
Ictaluridae
Black bullhead
Tadpole madtom
Yellow bullhead
Moronidae
Yellow bass
Percidae
Bluntnose darter
Slough darter
Percopsidae
Pirate perch
Poeciliidae
Mosquitofish
Total Catch
Species Richness
Lake Branch Lost Lake Branch Lost
Scientific Name Upper Upper Lower Lower
Erimyzon oblongus
Carpiodes carpio
Catostomus commersoni
Lepomis macrochirus
Lepomis cyanellus
Micropterus salmoides
Lepomis megalotis
Lepomis megalotis x L. cyanellus
Lepomis gulosus
Pomoxis annularis
Dorosoma cepedianum
Pimephales notatus
Cyprinus carpio
Semotilus atromaculatus
Pimephales promelas
Notemigonus crysoleucas
Cyprinella lutrensis
Lythrurus umbratilus
Notropis ludibundus
Notropis buccatus
Hybognathus nuchalis
Phenacobius mirabilis
Fundulus notatus
Ameiurus melas
Noturus gyrinus
Ameiurus natalis
Morone mississippiensis
Etheostoma chlorosomum
Etheostoma gracile
Aphredoderus sayanus
Gambusia affinis
1
46
3
0
0
0
0
1
0
0
1
66
0
0
0
0
0
0
60
21
0
1
18
218
10
1
0
0
20
10
16
6
1
0
1
1
94
0
3
0
0
26
46
85
47
0
3
77
1
1
2
0
1
3
4
4
453
23
0
2
0
0
0
0
0
0
1
0
0
0
0
0
7
17
0
0
0
0
0
0
1
0
4
0
0
0
0
0
117
149
7
0
0
3
4
82
5
2
0
0
0
9
18
1
14
0
110
33
39
19
3
1
0
54
1
9
17
11
5
15
71
13
539
25
Table 8. Jaccard's similarity index and Similarity Ratio comparing fish assemblage composition
between pilot and reference watersheds in the two upper and two lower sites from 1998 to 2002.
Those sites with missing values in 2002 are sites for which fish samples have not been processed.
Jaccard's Index
Embarras Spoon Cache Kaskaskia
Upper 98 0.52 0.60 0.57
Upper 99 0.56 0.60 0.50
Upper 00 0.76 0.48 0.50 0.26
Upper 01 0.60 0.70 0.50 0.17
Upper 02 0.62 0.32
Lower 98 0.72 0.75 0.25
Lower 99 0.66 0.43 0.50 0.47
Lower 00 0.69 0.54 0.50 0.33
Lower 01 0.47 0.67 0.50 0.35
Lower 02 0.83 0.14
Similarity Ratio
Embarras Spoon Cache Kaskaskia
Upper 98 0.29 0.45 0.13
Upper 99 0.35 0.33 0.17
Upper 00 0.90 0.16 0.18 0.35
Upper 01 0.39 0.07 0.15 0.01
Upper 02 0.42 0.14
Lower 98 0.38 0.32 0.10
Lower 99 0.24 0.17 0.89 0.31
Lower 00 0.25 0.41 0.25 0.42
Lower 01 0.04 0.47 0.17 0.46
Lower 02 0.83 0.09
Table 9. Average weight, biomass per area, and percent composition for each species in the upper sites
of the Spoon in 2002.
Court Upper Haw Upper
Ave. Biomass/Area % Comp. Ave. . Biomass/Area % Comp
Species Wt (g) (g/m 2) Wt (g) (g/m 2)
Catostomidae
Golden redhorse 163.9 0.405 7.7 550.0 0.524 8.5
Northern hog sucker
Quillback 4.9 0.004 0.1
River carpsucker
White sucker 24.3 2.410 46.1 77.4 3.173 51.5
Centrarchidae
Bluegill 8.1 0.050 1.0 3.6 0.267 4.3
Green sunfish 3.2 0.008 0.1 13.8 0.105 1.7
Largemouth bass 8.1 0.007 0.1 35.3 0.235 3.8
Redear sunfish 12.5 0.010 0.2
Smallmouth bass 28.5 0.223 4.3
Cyprinidae
Bigmouth shiner 1.4 0.024 0.5 0.4 0.002 0.0
Blacknose dace 0.2 0.001 0.0
Bluntnose minnow 2.0 0.691 13.2 2.0 0.233 3.8
Carp 221.0 0.211 3.4
Central stoneroller 3.7 0.420 8.0 6.6 0.013 0.2
Creek chub 14.1 0.400 7.7 27.2 0.830 13.5
Golden shiner 3.0 0.006 0.1
Hornyhead chub 9.1 0.041 0.8 6.8 0.123 2.0
Red shiner 1.7 0.106 2.0 1.6 0.197 3.2
Redfin shiner 1.0 0.018 0.3 1.6 0.002 0.0
Sand shiner 1.5 0.265 5.1 1.4 0.091 1.5
Striped shiner 9.5 0.039 0.8
Ictaluridae
Slender madtom 18.0 0.017 0.3
Stonecat 5.0 0.019 0.4 1.0 0.001 0.0
Yellow bullhead 12.8 0.058 1.1 67.0 0.128 2.1
Percidae
Johnny darter 1.1 0.024 0.5 1.0 0.008 0.1
Orangethroat darter 1.2 0.006 0.1
Slenderhead darter 0.7 0.001 0.0
Total Biomass/Area (g/m 2) 5.227 6.167
Table 10. Average weight, biomass per area, and percent composition for each species in the lower sites
of the Spoon in 2002.
Court Lower Haw Lower
Ave. Biomass/Area % Comp. Ave. Biomass/Area % Comp
Species Wt (g) (g/m 2) Wt (g) (g/m 2)
Catostomidae
Golden redhorse
Northern hog sucker
Quillback
River carpsucker
White sucker
Centrarchidae
Bluegill
Green sunfish
Largemouth bass
Smallmouth bass
Cyprinidae
Bigmouth shiner
Blacknose dace
Bluntnose minnow
Central stoneroller
Creek chub
Hornyhead chub
Red shiner
Sand shiner
Suckermouth minnow
Ictaluridae
Channel catfish
Slender madtom
Stonecat
Yellow bullhead
Percidae
Johnny darter
Orangethroat darter
Slenderhead darter
Total Biomass/Area (g/m 2)
12.1
77.0
4.2
2.6
50.1
14.3
3.3
3.1
37.5
1.4
0.6
2.1
2.3
5.4
14.8
1.3
1.4
1.3
17.2
2.2
43.3
1.2
1.0
3.9
0.020
0.043
0.007
0.002
0.084
0.024
0.015
0.003
0.590
0.010
0.000
1.432
0.024
0.012
0.046
0.573
0.693
0.002
0.019
0.001
0.036
0.005
0.001
0.001
0.6
1.2
0.2
0.1
2.3
0.7
0.4
0.1
16.2
0.3
0.0
39.3
0.7
0.3
1.3
15.7
19.0
0.1
0.5
0.0
1.0
0.1
0.0
0.0
3.8
1.3
5.7
6.7
4.7
0.3
0.3
1.6
2.2
6.1
4.8
1.0
1.1
2.1
4.6
1.0
21.9
1.6
1.1
1.7
0.003
0.001
0.710
0.011
0.015
0.001
0.000
1.315
0.016
0.093
0.284
0.839
0.450
0.007
0.033
0.014
0.088
0.017
0.002
0.228
3.645A.1A
0.1
17.2
0.3
0.4
31.9
0.4
2.3
6.9
20.3
10.9
0.2
0.8
0.3
2.1
0.4
0.0
5.5
3.645 4.128z
Table 11. Average weight, biomass per area, and percent composition for each species in upper sites
of the Kaskaskia in 2002.
Lake Branch Upper Lost Upper
Ave. Biomass/Area % Comp. Ave. Biomass/Area % Comp
Species Wt (g) (g/m 2 ) Wt (g) (g/m 2)
Catostomidae
Creek chubsucker 30.0 0.028 0.6
Centrarchidae
Bluegill 0.9 0.001 0.1 37.9 0.712 16.0
Green sunfish 3.1 0.110 19.5 6.2 0.059 1.3
Largemouth bass 7.3 0.017 3.0 155.4 2.340 52.7
Longear sunfish 32.0 0.181 4.1
Longear sunfish x Green sunfish hybrid 119.0 0.112 2.5
White crappie 195.0 0.183 4.1
Clupeidae
Gizzard shad 57.0 0.054 1.2
Cyprinidae
Bluntnose minnow 0.1 0.000 0.0 1.5 0.130 2.9
Creek chub 2.4 0.007 0.2
Fathead minnow 2.2 0.002 0.3
Golden shiner 4.1 0.212 37.7
Red shiner 1.5 0.036 0.8
Redfin shiner 1.3 0.055 1.2
Sand shiner 1.6 0.128 2.9
Silverjaw minnow 1.7 0.076 1.7
Suckermouth minnow 1.5 0.004 0.1
Cypriodontidae
Blackstripe topminnow 1.1 0.053 9.5 1.5 0.106 2.4
Ictaluridae
Black bullhead 1.8 0.030 5.3 52.0 0.049 1.1
Tadpole madtom 0.5 0.001
Yellow bullhead 170.0 0.133 23.5 79.0 0.149 3.3
Percidae
Bluntnose darter 0.9 0.001
Slough darter 0.6 0.002
Percopsidae
Pirate perch 7.8 0.029 0.7
Poeciliidae
Mosquitofish 0.4 0.006 1.1 0.2 0.001
Total Biomass/Area (g/m 2) 0.563 4.441
Table 12. Average weight, biomass per area, and percent composition for each species in lower sites
of the Kaskaskia in 2002.
Lake Branch Lower Lost Lower
Ave. . Biomass/Area % Comp. Ave. . Biomass/Area % Comp
Species Wt (g) (g/m 2) Wt (g) (g/m 2)
Catostomidae
River carpsucker 9.2 0.020 11.6
White sucker 5.6 0.016 0.3
Centrarchidae
Bluegill 14.8 0.056 1.1
Green sunfish 10.2 0.797 15.3
Largemouth bass 7.0 0.033 0.6
Longear sunfish 11.5 0.022 0.4
Warmouth 6.9 0.007 4.3
Clupeidae
Gizzard shad 78.0 0.667 12.8
Cvprinidae
Bluntnose minnow 1.3 0.023 0.4
Carp 1000.0 0.950 18.3
Creek chub 24.4 0.325 6.3
Fathead minnow 1.2 0.009 5.2
Golden shiner 3.7 0.068 39.6 4.2 0.441 8.5
Red shiner 1.3 0.040 0.8
Redfin shiner 1.2 0.043 0.8
Sand shiner 1.2 0.022 0.4
Silverjaw minnow 1.2 0.003 0.1
Silvery minnow 0.7 0.001 0.0
Suckermouth minnow 2.0 0.000 0.0
Cypriodontidae
Blackstripe topminnow 0.2 0.000 0.1 1.4 0.072 1.4
Ictaluridae
Black bullhead 10.0 0.009 0.2
Tadpole madtom 2.8 0.012 7.1 0.9 0.008 0.1
Yellow bullhead 54.9 0.886 17.1
Moronidae
Yellow bass 40.9 0.427 8.2
Percidae
Bluntnose darter 0.6 0.003 0.1
Slough darter 0.6 0.009 0.2
Percopsidae
Pirate perch 5.0 0.338 6.5
Poeciliidae
Mosquitofish 0.4 0.055 32.1 0.2 0.002 0.0
Total Biomass/Area (g/m 2) 0.173 5.193
Table 13. Index of Biotic Integrity Scores (IBI) for each site and year using the new IBI scoring criteria
(developed in 2000 by Roy Smogor, IEPA). NS indicates no sample was taken for that year and NC indicates
that the sample was not completely processed at the time of this report.
1998 1999 2000 2001 2002
Hurricane Upper 34 42 52 51 NC
Kickapoo Upper 33 37 37 37 NC
Hurricane Lower 55 56 51 57 NC
Kickapoo Lower 32 37 39 29 NC
Court Upper 51 39 37 48 41
Haw Upper 35 36 32 33 35
Court Lower 43 51 39 40 34
Haw Lower 44 39 31 36 37
Big Upper 46 45 46 44 NC
Cypress Upper 49 42 48 44 NC
Big Lower 31 44 44 41 NC
Cypress Lower 47 50 51 49 NC
Lake Branch Upper NS NS 19 24 19
Lost Upper NS NS 31 31 46
Lake Branch Lower NS 24 18 23 26
Lost Lower NS 33 35 41 48
Table 14. List of fish species, numbers collected, species richness, and Index of Biotic Integrity (IBI) scores in pre-
and post-weir construction periods at the Newbury weir site in the Court Creek watershed located 300m downstream
of our upper Court Cr
Species
Catostomidae
Golden redhorse
Northern hog sucker
Quillback
White sucker
Centrarchidae
Bluegill
Green sunfish
Largemouth bass
Smallmouth bass
Cyprinidae
Bigmouth shiner
Blacknose dace
Bluntnose minnow
Carp
Central stoneroller
Creek chub
Golden shiner
Hornyhead chub
Red shiner
Redfin shiner
Sand shiner
Striped shiner
Ictaluridae
Slender madtom
Stonecat
Yellow bullhead
Percidae
Johnny darter
Orangethroat darter
eek site. Weirs were installed in June 2001.
Pre-weir Pre-weir Post-weir Post-weir Post-weir
Scientific Name 10/11/00 5/31/01 8/30/01 6/6/02 9/5/02
Moxostoma erythrurum
Hypentelium nigricans
Carpiodes cyprinus
Catostomus commersoni
Lepomis macrochirus
Lepomis cyanellus
Micropterus salmoides
Micropterus dolomieu
Notropis dorsalis
Rhinichthys atratulus
Pimephales notatus
Cyprinus carpio
Campostoma anomalum
Semotilus atromaculatus
Notemigonus crysoleucas
Nocomis biguttatus
Cyprinella lutrensis
Lythrurus umbratilus
Notropis ludibundus
Luxilus chrysocephalus
Noturus exilis
Noturus flavus
Ameiurus natalis
Etheostoma nigrum
Etheostoma spectabile
5
1
0
25
3
0
6
12
289
36
2207
0
199
151
0
13
419
1
1181
21
1
0
2
10
1
2
44
1
0
3
3
25
17
261
0
113
26
0
1
41
0
196
2
0
0
0
47
25
7
0
4
104
5
0
7
52
26
0
392
0
65
35
0
0
29
1
80
0
0
10
1
15
2
3
0
4
0
0
0
0
7
0
0
7
1
25
10
1
0
15
12
25
5
0
1I
11
0
0
6
0
6
24
46
29
1
18
11
1
100
0
41
2
0
14
55
14
50
9
0
1
8
2
0
Total Catch 4644 751 835 127 438
Species Richness 20 17 17 14 20
Catch per hour of electroshocking 2953 547 743 72 355
Index of Biotic Integrity 39 42 37 35 39
Table 15. Mean and standard errors (in parentheses) for fish assemblage characteristics at the
Newbury weir site. An alpha of 0.05 was used to detect significant differences in pre and post-weir samples.
Species Richness
Total Catch
CPUE
New IBI
Biomass/Area
Pre-Weir
Mean (SE)
18.5(1.5)
2697.5 (1946.5)
1750.0 (1203.0)
40.5 (1.5)
8.9 (3.6)
Post-Weir
Mean (SE)
17.0(1.7)
464.0 (205.1)
390 (194.5)
37.0(1.2)
3.5(1.7)
P-value
0.59
0.23
0.24
0.16
0.22
00CC:)
00T-
C) .- CY)
00'-00-,-o 0,-:
o c (D C)-4r cN oc
00 0) LO N coo C
0 C)004C)'- 0
c0) r- C0•)
o oo r-
oC - o6 6
S 0 C CO o . D000 -00
o0 0d o- L0 dL6 w6,-d,- 0
CO00
CO)
CO06
coCO
C')
51CO CU
:3 u
0 CU
C ou co
m ESow
, Ml 0 Z
-C -£ o4 0',-Q: C&. CL4-aOL 0 0uC
Q)C/)
a-
2
0
0
m
a)CUD
IE
0
Cu
z
0
a)0)
a/)0)C'Cu
X-Vd
0)
0)
6i
COS §
-0 i
eme
0 a
0 0
58~
a)
z0
Cu
.0
0CU"
Z
CDC
£
-,
to
0(
al)Vo §
Cu1-'
*o "
1
0
o -o
0-0
a)cnCD .
Cd)
cu 0Cu C)
*uL^
Ic-
Cut
---» if)
Cu1
0 0
C- C
CU~
E
0
00
cu 0
Hoit
o C4
c0
0
o
06LOc
C/)M
-Z0.
0
Cl)
0
U)
7I
S.0
C:t--0
C)00
COX I
<DCO
o
coC)
d
00
0 C
co-
od
ulu
.11U
CutE cu
0V U
||~ to
~E75 CU L-
a) ? c a)
-c
0  C:
~Cu ~ -CCU~
o  
,cu a) o 0
III o?|
O)CO0) L
T-000
(D
°r
r.-
o
C40
U)C0)
0)6i
0)00LO Mgto0-
66
Q.
E
0
0
NCU C
0io
0 - W 0 L- a)W: C/) c C:  W 0 
OCu JCu/ OCQCL.Q
a)uc
0 00 VI0 -
: 3 - a cu
cu2(nE Cu>002J0 Oc MmcmC)U
Cu c n
Cu) (1)0
co5
4- 0) - ^:
Cu0 0 CD )
0 Cu 0=0
> m ( T3 (..c°C
oo
S 0 0
CO)
00
Cu
N
Cu
E
C,)
0
o
"O
h-
L_
CU 0
CDC
0 L0)
o
2 0
03 00-D Zoz
Cu
0 CDCu
n Cu
=5 -~
*r- 00 M co " CD 0 -- O0 o
a-
E
00-
m(n E
E
0
ac
a.
E
0
Q.
0
0
co -
CN cqq
D 0')
Co66 c
-- -
00 CM
66
So "
000
666
S Ce CO- CMC eCO
6d o - - ¢,-o4 --TC
0)
0
06
LO t- 0000
6660
c5
CO - 0)
000666C
COc
C § 0 g c co
: s a
O Co co C OCfQ -2-2'08 ft
) 05 .
c a -C U)
a)) C U)
- 0.
L ) E E0
0C0c cO u
d. 0 o d cd OO
CID
Co a) z C)
Cl) CU 3
o c 0o C v 0
-o § -£, 1 §).(1) C-)C -
cQ oEf C
Z3
N- C -
000
000
S-o 0
. C C^-)Z3il
.Q
z
ac)
a) (
Co)
0
E
00
-,
a)C
a) n
a) o
0
C .C
Cu 0
- 0
do
do
.COM Z
al)
|oZ
CN 0
6 6
0 0
do
CO
S SUjLU
a)
cu .4-a)m
Co
.0 a)
00 I V CU "0)
-C I CC
laL-C(0
CN
CN
E
E
Co
0
0)a
a)
03
0
HO
C4 C 0 m j
LO
CO
o iL
c -
cooo
6d
Co0
6i
LO
0Co
C)
0i
o0
06
00
C)
6
0
6
C)C)
0
T-
;
LO
NCo
6=
CO
T-
CMJ
CO
CO
CN
LO
6
o T-0 c
0066
o -4
Nrin 00
°-
o
05T-(0Coco VII0 Co6~
e05
0d
CL
E
0
0'sa)CoE
0Cn-
aD
E
a)
z
0
CL
CD
'0
0.
a)(n
C CL
a) Vf
CO CO)
S o
0 °
()aC)
a) CD
L-
00-V
(0
0-0
a)
5.
0
C
E
a)
0C
CQ
a)
-5
a/)
CO
0
0 0
.-0
-5)
Cu
a) >^
CDI
a)
i-- C-
.C
CD
-a )0
a1)a)
Table 18. Pearson correlation coefficients, p-values, and number of sites for correlation of water quality, habitat, and fish community variables using mean values
from all years. Transformations performed to improve normality shown at right.
Species
TCPUE Richness
IL IBI
Intolerant Illinois Intolerant Bluegill
IBI Species IBI Species Density
Green Longear
Sunfish Sunfish
Density Density Transformation
-0.54 -0.27 -0.35 -0.54Spring
Summer
Fall
-0.21
0.49
13
-0.54
0.05
14
-0.05
0.85
14
0.25
0.52
9
0.30
0.44
9
0.30
0.44
9
-0.78
0.06
6
-0.79
0.06
6
-0.83
0.04
6
-0.51
0.05
16
0.59
0.02
16
0.36
0.17
16
0.67
0.00
16
0.58
0.02
16
0.18
0.50
16
16
16
Spring
Summer
Fall
0.06 0.37 0.25 0.06
13 13 13 13
-0.55 -0.55 -0.49 -0.73
0.04 0.04 0.08 0.00
14 14 14 14
-0.35 -0.10 -0.13 0.02
0.22 0.73 0.66 0.95
14 14 14 14
0.51 0.75 0.61 0.13
0.16 0.02 0.08 0.73
9 9 9 9
0.49 0.74 0.64 0.09
0.18 0.02 0.06 0.81
9 9 9 9
0.28 0.52 0.58 -0.03
0.47 0.16 0.10 0.94
9 9 9 9
-0.88 -0.93 -0.89 -0.94
0.02 0.01 0.02 0.01
6 6 6 6
-0.84 -0.92 -0.89 -0.92
0.04 0.01 0.02 0.01
6 6 6 6
-0.87 -0.96 -0.93 -0.89
0.02 0.00 0.01 0.02
6 6 6 6
-0.56 -0.54 -0.53 -0.50
0.02 0.03 0.03 0.05
16 16 16 16
0.26 0.58 0.49 0.30
0.33 0.02 0.06 0.26
16 16 16 16
0.61 0.70 0.80 0.11
0.01 0.00 0.00 0.68
16 16 16 16
0.71 0.84 0.83 0.42
0.00 <.0001 <.0001 0.11
16 16 16 16
0.48 0.45 0.60 0.39
0.06 0.08 0.01 0.13
16 16 16 16
0.02 0.14 -0.05 -0.10
0.95 0.60 0.85 0.73
16 16 16 16
0.47 0.59 0.67 0.52
0.07 0.02 0.00 0.04
16 16 16 16
1 0.86 0.82 0.73
<.0001 0.00 0.00
16 16 16 16
16
16
-0.49 0.30
0.09 0.32
13 13
-0.52 0.12
0.05 0.68
14 14
-0.22 0.37
0.46 0.20
14 14
0.71 -0.57
0.03 0.11
9 9
0.64 -0.45
0.06 0.22
9 9
0.29 0.11
0.44 0.77
9 9
-0.92 0.82
0.01 0.05
6 6
-0.94 0.83
0.01 0.04
6 6
-0.96 0.88
0.00 0.02
6 6
-0.51 0.11
0.04 0.68
16 16
0.44 -0.27
0.09 0.32
16 16
0.66 -0.43
0.01 0.09
16 16
0.89 -0.56
<.0001 0.02
16 16
0.38 -0.02
0.15 0.94
16 16
0.04 -0.24
0.90 0.37
16 16
0.59 -0.37
0.02 0.16
16 16
0.77 -0.24
0.00 0.37
16 16
0.52 0.10
0.04 0.73
16 16
1 -0.65
0.01
16 16
16
Spring
Summer
Fall
Mean
Depth
Mean Max
Particle
Mean
Velocity
Percent
Pool
Percent
Vegetation
Percent
No Cover
TCPUE
Species
Richness
New IBI
Intolerant
Species
Bluegill
Density
Green
Sunfish
Density
Longear
Sunfish
Density
0.32 -0.08
0.28 0.80
13 13
0.70 -0.18
0.00 0.55
14 14
0.12 0.33
0.69 0.24
14 14
-0.55 -0.38
0.13 0.32
9 9
-0.51 -0.36
0.16 0.34
9 9
-0.26 0.04
0.50 0.92
9 9
0.75 0.12
0.09 0.83
6 6
0.81 0.06
0.05 0.91
6 6
0.81 0.18
0.05 0.73
6 6
0.71 -0.02
0.00 0.95
16 16
-0.45 -0.30
0.08 0.25
16 16
-0.55 -0.05
0.03 0.86
16 16
0.73 -0.20
0.00 0.45
16 16
0.29 0.16
0.28 0.56
16 16
0.10 -0.53
0.71 0.03
16 16
0.58 -0.18
0.02 0.50
16 16
0.64 0.18
0.01 0.51
16 16
0.63 0.43
0.01 0.09
16 16
0.75 -0.04
0.00 0.89
16 16
0.33 0.56
0.22 0.03
16 16
1 -0.17
0.52
16 16
1
16
none
none
none
none
none
none
log (x)
log (x)
log (x)
none
log (x+1)
square root (x)
square root (x+1)
none
none
none
none
none
square root (x)
square root (x)
square root (x)
square root (x)
Table 19. Values and confidence limits (95%) for growth rate (Slope) and age-0 growth (Intercept) of
small bluegill (<75 mm) from growth regressions.
Basin
Cache
Site
Big Upper 1998
Big Lower 1998
Cypress Upper 1998
Cypress Lower 1998
Big Upper 1999
Big Lower 1999
Cypress Upper 1999
Cypress Lower 1999
Big Upper 2000
Cypress Upper 2000
Embarras Hurricane Upper 2001
Hurricane Lower 2001
Kickapoo Upper 2001
Kickapoo Lower 2001
Spoon Court Lower 1998
Haw Lower 1998
Court Upper 1999
Court Lower 1999
Haw Upper 1999
Haw Lower 1999
Court Upper 2000
Court Lower 2000
Haw Upper 2000
Court Upper 2001
Court Lower 2001
Haw Upper 2001
Kaskaskia Lake Branch Lower 1998
Lost Upper 1998
Lost Lower 1998
Lake Branch Upper 1999
Lake Branch Lower 1999
Lost Upper 1999
Lost Lower 1999
Lake Branch Upper 2001
Lake Branch Lower 2001
Lost Upper 2001
Lost Lower 2001
-0.46
-0.44
-0.59
-0.66
-0.58
-0.46
-0.44
-0.60
-0.64
-0.36
-0.54
-0.52
-0.66
-0.64
(-0.55, -0.38)
(-0.57, -0.32)
(-0.74, -0.44)
(-0.87, -0.44)
(-0.78, -0.38)
(-0.71, -0.21)
(-0.65, -0.24)
(-0.84, -0.37)
(-0.74, -0.55)
(-0.52, -0.21)
(-0.69, -0.39)
(-0.65, -0.39)
(-0.77, -0.55)
(-0.83, -0.45)
(47.0,
(41.3,
(46.7,
50.9)
49.0)
54.7)
48.9
45.2
50.7
49.6
53.3
49.6
47.9
54.0
57.9
47.2
54.5
46.9
55.9
51.8
(41.8, 57.3)
(45.3, 61.3)
(42.1, 57.1)
(38.8, 57.0)
(46.0, 62.1)
(55.4, 60.5)
(40.8, 53.6)
(49.5, 59.6)
(43.1, 50.6)
(51.7, 60.0)
(44.2, 59.4)
Slope
-0.62
-0.57
-0.33
-0.36
-0.27
-0.23
-0.42
-0.60
-0.53
-0.48
-0.76
-0.58
-0.76
-0.60
-0.68
-0.33
-0.72
-0.52
-0.73
-0.32
-0.57
-0.43
-0.56
(LCL, UCL)
(-0.91, -0.34)
(-0.83, -0.31)
(-0.67, 0.01)
(-0.63, -0.09)
(-0.38, -0.17)
(-0.43, -0.02)
(-0.57, -0.28)
(-0.78, -0.42)
(-0.70, -0.36)
(-0.89, -0.08)
(-0.91, -0.60)
(-0.72, -0.45)
(-1.01, -0.52)
(-0.86, -0.34)
(-1.21, -0.15)
(-0.63, -0.02)
(-1.18, -0.25)
(-0.71, -0.32)
(-1.06, -0.40)
(-0.53, -0.11)
(-0.76, -0.37)
(-0.66, -0.21)
(-0.78, -0.34)
Intercept
53.4
47.7
52.3
53.5
47.4
35.2
46.9
55.8
58.9
51.2
54.7
45.7
52.6
50.9
42.1
44.4
50.4
40.1
47.8
35.2
55.0
44.0
51.6
(LCL, UCL)
(47.5, 59.3)
(38.4, 57.1)
(43.7, 60.9)
(41.4, 65.5)
(44.8, 50.0)
(29.8, 40.5)
(43.3, 50.5)
(52.2, 59.4)
(52.0, 65.7)
(32.8, 69.6)
(52.7, 56.7)
(43.3, 48.2)
(45.2, 60.0)
(46.7, 55.1)
(34.1, 50.1)
(35.8, 53.0)
(43.2, 57.6)
(34.1, 46.1)
(42.1, 53.5)
(26.5, 43.9)
(48.5, 61.5)
(37.9, 50.1)
(43.1, 60.1)
Table 20. Values and confidence limits (95%) for growth rate (Slope) and age-0 growth (Intercept) of
small green sunfish (<75 mm) from growth regressions.
Basin
Spoon
Site
Court Lower 1999
Haw Upper 1999
Haw Lower 1999
Court Upper 2000
Court Lower 2000
Haw Upper 2000
Haw Lower 2000
Court Upper 2001
Court Lower 2001
Haw Upper 2001
Haw Lower 2001
Kaskaskia Lake Branch Lower 1998
Lost Upper 1998
Lost Lower 1998
Lake Branch Upper 1999
Lake Branch Lower 1999
Lost Upper 1999
Lost Lower 1999
Lake Branch Upper 2000
Lost Lower 2000
Lake Branch Upper 2001
Lost Lower 2001
Slope
-0.70
-0.35
-0.57
-0.78
-0.50
-0.45
-0.50
-0.45
-0.47
-0.34
-0.36
-0.39
-0.37
-0.44
-0.26
-0.42
-0.44
-0.54
-0.37
-0.61
-0.48
-0.44
(LCL, UCL)
(-0.99, -0.41)
(-0.49, -0.22)
(-0.70, -0.43)
(-1.11, -0.44)
(-0.73, -0.28)
(-0.57, -0.32)
(-0.60, -0.40)
(-0.57, -0.33)
(-0.78, -0.17)
(-0.60, -0.09)
(-0.42, -0.31)
(-0.53, -0.25)
(-0.59, -0.15)
(-0.53, -0.36)
(-0.40, -0.11)
(-0.54, -0.29)
(-0.66, -0.23)
(-0.60, -0.47)
(-0.51, -0.23)
(-0.68, -0.54)
(-0.53, -0.43)
(-0.49, -0.38)
Intercept
62.9
44.1
54.1
63.5
53.7
40.9
47.4
46.9
50.8
38.5
37.5
44.4
55.0
50.9
48.7
45.3
51.4
51.4
48.3
52.5
44.3
48.8
(LCL, UCL)
(56.4, 69.5)
(40.6, 47.7)
(50.3, 58.0)
(49.0, 78.0)
(42.0, 65.4)
(36.2, 45.6)
(43.9, 50.9)
(43.5, 50.4)
(48.9, 57.9)
(26.0, 51.0)
(36.1, 38.8)
(39.2, 49.5)
(47.3, 62.7)
(47.9, 53.8)
(45.0, 52.4)
(40.2, 50.4)
(41.5, 61.3)
(49.4, 53.5)
(45.9, 50.7)
(49.4, 55.6)
(42.8, 45.9)
(47.1, 50.5)
Table 21. Values and confidence limits (95%) for growth rate (Slope) and age-0 growth (Intercept) of
small longear sunfish (<75 mm) from growth regressions.
Site
Big Lower 1998
Cypress Upper 1998
Cypress Lower 1998
Slope
-0.45
-0.44
-0.38
(LCL, UCL)
(-0.53, -0.38)
(-0.56, -0.32)
(-0.51, -0.26)
Big Upper 1999
Big Lower 1999
Cypress Upper 1999
Cypress Lower 1999
Big Upper 2000
Big Lower 2000
Cypress Upper 2000
Embarras Hurricane Lower 1998
Kickapoo Lower 1998
Hurricane Lower 1999
Kickapoo Upper 1999
Hurricane Upper 2001
Hurricane Lower 2001
Kickapoo Upper 2001
Kickapoo Lower 2001
-0.41
-0.32
-0.34
-0.33
-0.29
-0.36
-0.29
-0.20
-0.25
-0.27
-0.22
-0.22
-0.47
-0.41
-0.17
(-0.51, -0.31)
(-0.38, -0.27)
(-0.41, -0.28)
(-0.41, -0.26)
(-0.41, -0.18)
(-0.43, -0.29)
(-0.44, -0.13)
(-0.30, -0.11)
(-0.40, -0.10)
(-0.33, -0.21)
(-0.31, -0.13)
(-0.51, 0.07)
(-0.81,-0.14)
(-0.59, -0.24)
(-0.27, -0.07)
48.8
42.1
42.1
43.7
45.5
40.2
39.6
41.5
37.0
39.9
44.1
43.3
47.5
41.3
41.1
(46.6, 50.9)
(41.1, 43.1)
(40.8, 43.5)
(41.8, 45.6)
(39.6, 51.4)
(37.2, 43.3)
(33.0, 46.3)
(38.0, 45.0)
(33.8, 40.2)
(38.8, 41.1)
(42.2, 45.9)
(37.6, 48.9)
(34.3, 60.8)
(32.5, 50.2)
(39.2, 42.9)
Basin
Cache
Intercept
46.3
44.8
46.6
(LCL,
(43.1,
(39.2,
(43.2,
UCL)
49.5)
50.3)
50.0)
" ( 1 i"
Table 22. Pearson correlation coefficients, p-values, and number of sites for correlation of fish growth metrics and water quality, habitat,
fish community, and macroinvertebrate community variables using mean values from all years. Transformations performed to improve normality
are shown at right.
Bluegill Longear Sunfish
Decline in Decline in
Growth Growth at Growth at Growth at Growth Growth at Growth at Growth at
with Size 30 mm 50 mm 70 mm with Size 30 mm 50 mm 70 mm Transformation
Spring -0.29 0.24 0.04 -0.12 -0.25 0.64 0.47 0.30
0.34 0.43 0.90 0.70 0.56 0.09 0.24 0.47 none
13 13 13 13 8 8 8 8
Summer 0.03 0.20 0.19 0.17 -0.79 0.24 -0.11 -0.35
0.91 0.49 0.51 0.56 0.01 0.53 0.78 0.36 none
E 14 14 14 14 9 9 9 9
Fall -0.05 0.39 0.32 0.20 0.38 0.51 0.61 0.61
0.87 0.16 0.26 0.50 0.31 0.16 0.08 0.08 none
14 14 14 14 9 9 9 9
Spring -0.21 -0.34 -0.45 -0.35 0.57 0.48 0.53 0.55
0.58 0.37 0.22 0.35 0.24 0.33 0.28 0.26 none
9 9 9 9 6 6 6 6
Summer -0.38 -0.30 -0.57 -0.51 0.55 0.49 0.53 0.54
0.31 0.43 0.11 0.16 0.26 0.32 0.28 0.27 none
z 9 9 9 9 6 6 6 6
Fall -0.63 -0.25 -0.74 -0.76 0.56 0.48 0.52 0.54
0.07 0.51 0.02 0.02 0.25 0.33 0.29 0.27 none
9 9 9 9 6 6 6 6
Spring -0.35 0.55 0.35 -0.01 -1.00 -0.83 -0.94 -0.98
0.49 0.26 0.50 0.99 0.06 0.37 0.22 0.14 log (x)
6 6 6 6 3 3 3 3
o Summer -0.35 0.58 0.37 0.02 -1.00 -0.73 -0.87 -0.93
€ 0.50 0.23 0.46 0.97 0.05 0.48 0.32 0.24 log (x)
6 6 6 6 3 3 3 3
& Fall -0.33 0.58 0.39 0.04 -1.00 -0.76 -0.90 -0.95
0.53 0.23 0.44 0.93 0.02 0.45 0.29 0.21 log (x)
6 6 6 6 3 3 3 3
Mean 0.20 0.34 0.39 0.37 -0.67 0.35 0.02 -0.22
Depth 0.46 0.20 0.13 0.16 0.02 0.30 0.96 0.51 none
16 16 16 16 11 11 11 11
Mean Max -0.41 -0.10 -0.30 -0.38 0.69 0.33 0.59 0.71
Particle 0.12 0.70 0.26 0.15 0.02 0.33 0.06 0.01 loa (x+1)
16 16 16 16 11 11 11 11
Mean -0.32 -0.56 -0.64 -0.60 0.62 0.16 0.41 0.54
Velocity 0.22 0.03 0.01 0.01 0.04 0.63 0.21 0.09 square root (x)
16 16 16 16 11 11 11 11
Percent -0.25 -0.61 -0.65 -0.56 0.83 0.13 0.48 0.67
Pool 0.35 0.01 0.01 0.02 0.00 0.69 0.14 0.03 square root (x+1)
16 16 16 16 11 11 11 11
Percent -0.20 -0.44 -0.48 -0.44 0.36 -0.16 0.01 0.13
Vegetation 0.45 0.09 0.06 0.09 0.28 0.63 0.99 0.70 none
16 16 16 16 11 11 11 11
Percent -0.22 -0.08 -0.19 -0.20 -0.12 0.80 0.66 0.49
No Cover 0.41 0.76 0.49 0.45 0.73 0.00 0.03 0.13 none
16 16 16 16 11 11 11 11
TCPUE -0.36 -0.42 -0.53 -0.54 0.67 0.15 0.42 0.57
0.18 0.11 0.03 0.03 0.03 0.65 0.19 0.07 none
16 16 16 16 11 11 11 11
Species 0.08 -0.47 -0.35 -0.22 0.73 0.04 0.35 0.53
Richness 0.76 0.07 0.18 0.42 0.01 0.91 0.29 0.10 none
16 16 16 16 11 11 11 11
New IBI 0.26 -0.11 0.04 0.14 0.65 0.13 0.40 0.54
0.32 0.68 0.88 0.61 0.03 0.71 0.23 0.09 none
16 16 16 16 11 11 11 11
Intolerant 0.04 -0.59 -0.48 -0.32 0.88 -0.05 0.33 0.57
Species 0.89 0.02 0.06 0.22 0.00 0.88 0.32 0.07 square root (x)
16 16 16 16 11 11 11 11
Bluegill 0.10 0.47 0.45 0.36 -0.53 -0.02 -0.25 -0.38
Density 0.72 0.06 0.08 0.17 0.09 0.95 0.46 0.25 square root (x)
16 16 16 16 11 11 11 11
Green 0.13 0.34 0.36 0.31 -0.76 -0.20 -0.51 -0.67
Sunfish 0.62 0.19 0.17 0.24 0.01 0.56 0.11 0.02 square root (x)
Density 16 16 16 16 11 11 11 11
Longear 0.41 0.10 0.30 0.37 0.21 -0.32 -0.19 -0.08
Sunfish 0.11 0.71 0.26 0.16 0.54 0.33 0.57 0.80 square root (x)
Density 16 16 16 16 11 11 11 11
Oli.qochaeti 0.30 0.47 0.56 0.53 -0.54 0.33 -0.52 -0.60
Density 0.25 0.06 0.03 0.03 0.08 0.33 0.10 0.05 loq (x)
16 16 16 16 11 11 11 11
Chironomi -0.17 -0.59 -0.59 -0.50 0.55 0.36 0.56 0.64
Density 0.52 0.02 0.02 0.05 0.08 0.27 0.07 0.04 Ion (x)
16 16 16 16 11 11 11 11
Mayfly -0.09 -0.28 -0.28 -0.23 0.76 0.46 0.74 0.86
Density 0.75 0.29 0.29 0.39 0.01 0.15 0.01 0.00 log 1x)
16 16 16 16 11 11 11 11
Caddisfly -0.09 -0.43 -0.41 -0.33 0.84 0.28 0.61 0.78
Density 0.74 0.10 0.12 0.21 0.00 0.41 0.04 0.00 loq (x)
16 16 16 16 11 11 11 11
Other 0.07 0.26 0.26 0.21 -0.66 -0.52 -0.75 -0.82
Density 0.79 0.33 0.34 0.44 0.03 0.10 0.01 0.00 loq (x)
16 16 16 16 11 11 11 11
Total 0.01 -0.08 -0.06 -0.04 -0.18 -0.30 -0.35 -0.34
Density 0,97 0.78 0.83 0.89 0.60 0.37 0.30 0.31 loq (x)
16 16 16 16 11 11 11 11
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Table 30. Pearson correlation coefficients, p-values, and number of sites for correlation of macroinvertebrate community variables
and water quality, habitat, fish community, and macroinvertebrate community variables using mean values from all years.
Transformations performed to improve normality are shown at right.
Oligochaete Chironomid Mayfly Caddisfly Other Total
Density Density Density Density Density Density Transformation
Spring 0.25 -0.20 -0.11 -0.16 0.16 0.070.42 0.52 0.71 0.60 0.61 0.83 none
13 13 13 13 13 13
Summer 0.65 -0.27 -0.31 -0.52 0.68 0.59
S 0.01 0.35 0.28 0.06 0.01 0.03 none
14 14 14 14 14 14
Fall -0.02 -0.23 0.15 -0.01 0.04 -0.20
0.96 0.43 0.61 0.97 0.90 0.50 none
14 14 14 14 14 14
Spring -0.48 0.54 0.72 0.73 -0.36 0.040.19 0.13 003 003 0.34 0.92 none
9 9 9 9 9 9
Summer -0.50 0.53 0.66 0.68 -0.38 0.05S0.17 0.14 0.05 0.04 0.31 0.90 none
z 9 9 9 9 9 9
Fall -0.39 0.39 0.34 0.39 -0.29 0.16
0.31 0 31 0 37 0.30 0.44 0.67 none
9 9 9 9 9 9
Spring 0. 76 -0.93 -0.92 -0.91 0.90 0.30
0.08 0.01 0.01 0.01 0.02 0.56 Iog (of
6 6 6 6 6 6
Summer 0.74 -0.94 -0.95 -0.94 0.86 0.21
0 0.09 0 01 0.00 0.00 0.03 0.68 log (x)
6 6 6 6 6 6
Fall 0.81 -0.91 -0.96 -0.93 0.83 0.24
S0.05 0.01 0.00 0.01 0.04 0.65 log (x)
6 6 6 6 6 6
Mean 0.65 -0.32 -0.23 -0.54 0.68 0.59
Depth 0.01 0.23 0.39 .0.03 0.00 0.02 none
16 16 16 16 16 16
Mean Max -0.67 0.27 0.63 0.61 -0.56 -0.56
Particle 000 0.32 0.01 0.01 0.02 0.02 log (x+1)
16 16 16 16 16 16
Mean -0.54 0.66 0.54 0.65 -0.32 -0.01
Velocity 0.03 0.01 0.03 0.01 0.23 0.96 square root (x)
16 16 16 16 16 16
Percent -0.75 0.61 0.74 0.83 -0.53 -0.26
Pool 0.00 0.01 0.00 <.0001 0.04 0.33 square root (x+1)
16 16 16 16 16 16
Percent -0.50 0.36 0.16 0.17 -0.18 0.11
Vegetation 0.05 0.17 0.56 0.52 0.50 0.69 none
16 16 16 16 16 16
Percent -0.22 0.04 0.20 0.15 -0.22 -0.30
No Cover 0.42 0,88 0.45 0.58 0.40 0.26 none
16 16 16 16 16 16
TCPUE -0.71 0.47 0.51 0.54 -0.48 -0.19
0.00 0.07 0.04 0.03 0.06 0.47 none
16 16 16 16 16 16
Species -0.59 0.74 0.50 0.59 -0.61 -0.15
Richness 0.02 0.00 0.05 0.02 0.01 0.58 none
16 16 16 16 16 16
New IBI -0.51 0.48 0.45 0.50 -0.76 -0.41
0.04 0.06 0.08 0.05 0.00 0.11 none
16 16 16 16 16 16
Intolerant -0.62 0.65 0.80 0.87 -0.41 -0.08
Species 0.01 0.01 0.00 <.0001 0.11 0.76 square root (x)
16 16 16 16 16 16
Bluegill 0.25 -0.34 -0.52 -0.53 -0.07 -0.16
Density 0.34 0.20 0.04 0.04 0.79 0.56 square root (x)
16 16 16 16 16 16
Green 0.61 -0.66 -0.72 -0.87 0.68 0.31
Sunfish 0.01 0.01 0.00 <.0001 0.00 0.24 square root x)
Density 16 16 16 16 16 16
Longear 025 0.17 -0.08 0.03 -0.21 0.11
Sunfish 0.34 0.53 0.76 0.93 0.45 0.69 square root (x)
Density 16 16 16 16 16 16
Oligochaete 1 -0.45 -0.55 -0.58 0.61 0.57
Density 0.08 0.03 0.02 0.01 0.02 log (x)
16 16 16 16 16 16
Chironomid 1 0.62 0.69 -0.57 0.13
Density 0.01 0.00 0.02 0.62 log (xl
16 16 16 16 16
Mayfly 1 0.90 -0.45 -0.14
Density <.0001 0.08 0.60 lo ( x)
Caddisfly 1 -0.60 -0.25
D 16 16 16
Other 1 0.66
Density 0.01 lo (x)D y16 16
TotalI1
Density log (of
0°eX °,°16
Figure 1. Location of Pilot and Reference watersheds. *Map produced by
IDNR Technical Support Section.
S Reference Watershed
Pilot Watershed
Figure 2. Difference in average width, depth, and velocity between the Pilot and Reference sites
in each study basin. Difference = Pilot - Reference.
Width
E 8.0 l
S6.0-
4.0 - A
4; 2.0-
"- 0.0 -
-2.0
= -4.0
. -6.0 -
Q -8.0 -
98 99 00 01 02
Upper
A
------ -A---- --
98 99 00 01 02
Lower
* Embarras
0 Spoon
A Cache
x Kaskaskia
Depth
X x
X A
m mI * AAA 4-1---- A--Q- ±.®
98 99 00 01 02
Upper
98 99 00 01 02
Lower
Velocity
IFi
I4
-A--^-^--ii- --- a-- --x-^"
....... 1 --
* ÷ ®
<» * "
.________@o_
98 99 00 01 02
Upper
98 99 00 01 02
Lower
E 40.0
z 30.0
. 20.0 -
10.0-
, 0.0 -
.E -10.0 -
' -20.0 -
-30.0 -
S-40.0 -
E 0.2-
U
0S 0.
.* 0.1 -
S-0.2
1
Figure 3. Diffference in average point particle and maximum substrate size between Pilot and
Reference sites in each study basin. Difference = Pilot - Reference.
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Figure 6. Occurrence of riparian vegetation categories in the Embarras Basin from water's edge to 100m.
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Figure 7. Occurrence of riparian 
vegetation categories in the 
Spoon Basin from water's edge 
to 100m.
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Figure 8. Occurrence of riparian vegetation categories in the Cache Basin from water's edge to 100m.
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Figure 9. Occurrence of riparian vegetation categories in the Kaskaskia Basin from water's edge to 100m.
An observation is made at the left and right bank of each transect for a total of 20 observations per site.
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Figure 10. Difference in average overstory cover and bank stability between Pilot and Reference
sites in each study basin. Difference = Pilot - Reference.
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Figure 14. Occurrence of riparian vegetation categories in the Embarras Basin from water's edge to 100m.
A observation is made at the left and right bank of each transect for a total of 20 observations per site.
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Figure 15. Difference in species richness and total catch between Pilot and Reference sites in each
study basin from 1998 to 2002. Difference = Pilot - Reference.
Difference in Species Richness Embarras
SSpoon
A Cache
X Kaskaskia
0
I X
*
* A
x A
0 D
A
X X
X
98 99 00 01
Upper
02 98 99 00 01 02
Lower
Difference in Total Catch
O L
* Embarras
D Spoon
A Cache
x Kaskaskia
S D D
D
* A
LI
x*1-
A!- - x 
-
98 99 00 01 02 98 99 00 01 02
Upper Lower
15
10
.2 5o
0.
-5-
-o
E§ -10 -
z
-15 -
-20
A
3500
3000 -
2500 -
2000 -
1500 -
1000 -
500 -
0-
-500 -
0)
0
0
E
Di
A
-1000
-f
Figure 16. Difference in catch per hour of electroshocking time (CPUE) between Pilot and Reference
sites in each basin from 1998 to 2002. Difference = Pilot - Reference.
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Figure 17. Back-calculated growth rate of small bluegill (<75 mm) in the Cache Basin using the Fraser-
Lee method. Not enough significant regressions were found for 2001 to allow comparisons.
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Figure 18. Back-calculated growth rate of small bluegill (<75 mm) in the Spoon Basin using the Fraser-
Lee method.
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Figure 19. Back-calculated growth rate of small bluegill (<75 mm) in the Kaskaskia Basin using the
Fraser-Lee method. Not enough significant regressions were found for 2000 to allow comparisons.
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Figure 20. Back-calculated growth rate of small green sunfish (<75 mm) in the Spoon Basin using the
Fraser-Lee method. Not enough significant regressions were found for 1998 to allow comparisons.
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Figure 21. Back-calculated growth rate of small green sunfish (<75 mm) in the Kaskaskia Basin using
the Fraser-Lee method.
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Figure 22. Back-calculated growth rate of small longear sunfish (<75 mm) in the Cache Basin using the
Fraser-Lee method. Not enough significant regressions were found for 2001 to allow comparisons.
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Figure 23. Back-calculated growth rate of small longear sunfish (<75 mm) in the Embarras Basin using
the Fraser-Lee method. Not enough significant regressions were found for 2000 to allow comparisons.
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